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Things Worth Noting

» This 2000-01 Edition of the Career Guide to In-
dustries discusses 42 industries, which accounted
for nearly 3 out of 4 wage and salary jobs in 1998.

» The Career Guide provides information on the
nature of the industry, working conditions,
employment, occupations in the industry, training
and advancement, earnings and benefits, and
outlook. Organizations that can provide additional
information also are listed.

» The Career Guide presents information on job
outlook for the Nation. Sources of State and local
job outlook information can be found on page 229.

» The Occupational Outlook Handbook—a
companion to the Career Guide—discusses
careers froman occupational perspective. See page
000 for more information about the Handbook and
other related publication.

» The Career Guide and the Handbook are
available on-line at:
http://stats.bls.gov/emphome.htm.
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Preface

This fourth edition of the Career Guide to Industries pro-
vides valuable assistance from an industry perspective to
persons making career decisions. It is a companion to the
Bureau of Labor Statistics’ 2000-2001 edition of the Occu-
pational Outlook Handbook, a nationally recognized source
of career guidance information for more than five decades.
The Handbook provides information on careers from an oc-
cupational perspective.

The Career Guide to Industries was produced in the Bu-
reau of Labor Statistics under the general guidance and direc-
tion of Neal H. Rosenthal, Associate Commissioner for Em-
ployment Projections, and Mike Pilot, Chief of the Division
of Occupational Outlook. Jon Sargent and Chester C. Levine,
Managers, Occupational Outlook Studies, were responsible
for planning and day-to-day direction.

Supervisors overseeing the research and preparation of
material were Theresa Cosca, Mark Mittelhauser, Kristina

Shelley, and Carolyn M. Veneri. Analysts who contributed
material were Hall Dillon, Arlene K. Dohm, Eric B. Figueroa,
Chad Fleetwood, Jeffrey C. Gruenert, Jonathan W, Kelinson,
R. Sean Kirby, T. Alan Lacey, Kevin M. McCarron, Andrew J.
Nelson, Erik A. Savisaar, Terry Schau, Jill S. Silver, Gary
Steinberg, Tiffany T. Stringer, and Patricia Tate.

Cover and other art work were designed by Keith Tapscott.
Word processing support was provided by Beverly A. Williams.

Material in this publication is in the public domain and,
with appropriate credit, may be reproduced without permis-
sion. Comments about the contents of this publication and
suggestions for improving it are welcome. Please address them
to Chief, Division of Occupational Outlook, Bureau of Labor
Statistics, Room 2135, 2 Massachusetts Ave. NE., Washing-
ton DC 20212, Information in the Career Guide is available
to sensory impaired individuals upon request. Voice phone:
(202) 691-7828; Federal Relay Service: 1-800-877-8339.

Note

A great many trade associations, professional societies,
unions, industrial organizations, and government agencies
provide career information that is valuable to counselors
and jobseekers. For the convenience of Career Guide users,
some of these organizations and their Internet addresses,
are listed at the end of each industry statement. Although
these references were carefully compiled, the Bureau of
Labor Statistics has neither authority nor facilities for
investigating the organizations or the information or
publications that may be sent in response to a request and
cannot guarantee the accuracy of such information. The
listing of an organization, therefore, does not constitute in
any way an endorsement or recommendation by the Bureau

either of the organization and its activities or of the
information it may supply. Each organization has sole
responsibility for whatever information it may issue.

The industry information contained in the Career Guide
presents a general, composite description of firms and jobs
and cannot be expected to reflect work situations in specific
establishments or localities. The Career Guide, therefore,
is not intended and should not be used as a guide for
determining wages, hours, the right of a particular union
to represent workers, appropriate bargaining units, or
formal job evaluation systems. Nor should earnings data
in the Career Guide be used to compute future loss of
earnings in adjudication proceedings involving work
injuries or accidental deaths.
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Information in the Career Guide

—

What kinds of workers are employed by a particular industry,
and what jobs are you qualified for right now? What jobs re-
quire special education or training? And, what advancement
opportunities do these jobs offer in the long run? The Career
Guide to Industries addresses these questions and more for 42
diverse industries which, when combined, accounted for nearly
3 out of 4 wage and salary jobs in 1998.

As a companion to the Occupational Outlook Handbook,
the Career Guide discusses careers from an industry perspec-
tive. Why? Because many career-minded people think in terms
of industries rather than occupations. Your personal circum-
stances or choice of lifestyle may compel you to remain in
your area, limiting prospective jobs to those offered by the
distinctive mix of industries in your State or community. Or,
you may be attracted to a particular industry for other reasons—
the glamour and travel associated with the air transportation
industry, the potential for high earnings in the securities and
commodities industry, the appeal of using advanced technol-
ogy in aerospace manufacturing, the opportunity to work with
children offered by the educational services industry, or the
stability of jobs in the Federal Government, to name a few. By
focusing on industries, the Career Guide provides informa-
tion that the Handbook does not. Furthermore, some occupa-
tions are unique to a particular industry, and are not discussed
in the Handbook. And, some industries offer specific paths of
career advancement that are not addressed in the Handbook.

For each industry, the Career Guide includes a section with
information on each of the following topics, although the in-
formation presented within each section varies slightly from
industry to industry:

About those SIC numbers at the beginning of each industry statement:

The numbers in parentheses that appear to the right of each industry title
are Standard Industrial Classification (SIC) codes that define what is cov-
ered by each industry in the Career Guide. These codes are from the 1987
edition of the Standard Industrial Classification Manual, a publication of
the Federal Office of Management and Budget that defines and names
industries and establishes a structure for relating industries to one another.
All statistics on industries produced by the Federal Government are col-
lected in accordance with the SIC. The SIC Manual describes the estab-
lishment types and goods produced in each of the specific industries cov-
ered in the Career Guide. Readers interested in obtaining more detailed
definitions of the industries in the Career Guide should consult the SIC
Manual, which is available in the reference section of many libraries. The
SIC Manual may also be consulted on the internet at
http://www.osha.gov/oshstats/sicser.html.

Nature of the Industry

® Description of the goods produced or the services provided.
® Description of individual segments of the industry or.

® Description of production processes.

® Changes in technology or business practices taking place.

Working Conditions

® Description of the physical environment in which
workers perform their duties.

® Hours of work, including frequency of night or weekend
work, or split shifts.

® Physical activities essential to successful job performance.

® Proportion of part-time workers.
® Rate of job-related injury and illness.
@ Extent and frequency of travel.

Employment

® Number of wage and salary jobs in the industry.

® Number of self-employed persons in the industry, where
significant.

® Data on the age of workers, where significant.

® Number of establishments and concentration of industry
employment by State.

® Distribution of establishments and employment in the
industry by employment-size class.

® Data on other unusual characteristics of industry
workers, where significant.

Occupations in the Industry

® Description of the various jobs in the industry and how
each fits into the process of producing goods or deliver-
ing services to consumers.

® Current and projected wage and salary jobs by occupation.

Training and Advancement

® Qualifications required or preferred for key occupations.

® Types of formal education and other training that
employers in the industry generally require or prefer.

® Discussion of how experience, on-the-job training,
formal employer training, and continuing education
enable workers to advance in this industry.

® Paths of career advancement for key types of workers.

® Opportunities for self-employment.

Earnings

® Average weekly earnings in the industry.

® Earnings of key occupations in the industry

® Employee benefits that are often offered in the industry
but which are uncommon in other industries.

® Principle unions representing workers in the industry.

® The proportion of workers who belong to unions or who
are covered by union contracts,

Outlook
® Rate at which jobs in the industry are projected to grow
or decline.

® The projected rate of job growth compared to that of the
economy as a whole.

® Factors expected to influence employment growth in the
industry, such as new technology, changing business
practices, and demographics.

® Occupations expected to grow or decline

® Ease or difficulty of acquiring a job in the industry may
be discussed.

Tables in the Career Guide
Unless otherwise indicated, the source of data presented in the tables
is the Bureau of Labor Statistics.
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How Industries Differ:

An Overview
LU

The U.S. economy is comprised of industries with diverse char-
acteristics. For each industry covered in the Career Guide
detailed information is provided about specific characteristics:
the nature of the industry, working conditions, employment,
occupational composition, training and advancement require-
ments, earnings, and job outlook. This chapter provides an
overview of these characteristics for the economy as a whole.

Nature of the Industry

Industries are defined by the goods and services the industry
provides. Because workers in the United States produce such
a wide variety of products and services, industries in the U.S.
economy range widely, from aerospace manufacturing to
motion picture production. Although many of these indus-
tries are related, each industry contains a unique combination
of occupations, production techniques, and business charac-
teristics. Understanding the nature of the industry is impor-
tant, because it is this unique combination that determines
working conditions, educational requirements, and the job
outlook for each of the industries discussed in the Career
Guide.

Industries are comprised of many different places of work,
called establishments, which range from large factories and
office complexes employing thousands of workers to small
businesses employing only a few workers. Not to be confused
with “companies,” which are legal entities, establishments are
physical locations where people work, such as the branch of-
fice of a bank. Establishments that produce similar goods or
services are grouped together into industries. Industries that
produce related types of goods or services are, in turn, grouped
together into major industry divisions. These are further
grouped into the goods-producing sector (agriculture, forestry,
and fishing; mining; construction; and manufacturing) or the
service-producing sector (transportation, communications, and
public utilities; wholesale and retail trade; finance, insurance,
and real estate; services; and government).

Distinctions within industries are also varied. Each indus-
try is comprised of a number of subdivisions, which are de-
termined largely by differences in production processes. An
easily recognized example of these distinctions is in the food
processing industry, which is made up of subdivisions that
produce meat products, preserved fruits and vegetables, bak-
ery items, beverages, and dairy products, among others. Each
of these subdivisions requires workers with varying skills
and employ unique production techniques. Ancthcr example
of these distinctions is in public utilities, which employs
workers in establishments that provide electricity, sanitary
services, water, and natural gas. Working conditions and es-
tablishment characteristics often differ widely in each of these
smaller subdivisions.

There were nearly 7 million business establishments in the
United States in 1997. The average size of these establishments
varies widely across industries. Among industry divisions,
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manufacturing included many industries having among the high-
est employment per establishment in 1997. For example, the
aerospace, motor vehicle, and steel manufacturing industries
each averaged 150 or more employees per establishment.

Most establishments in the wholesale and retail trade, fi-
nance, and services industries are small, averaging fewer than
20 employees per establishment. Exceptions are the air trans-
portation industry with 62 employees and educational services
with 44. In addition, wide differences within industries can
exist. Hospitals, for example, employ an average of 716 em-
ployees, while doctor’s offices employ an average of 9. Simi-
larly, despite an average of 14 employees per establishment
for all of retail trade, department stores employ an average of
183 people.

Establishments in the United States are predominantly
small; 55 percent of all establishments employed fewer than
five workers in 1997. The medium to large establishments,
however, employ a greater proportion of all workers. For
example, establishments that employed 50 or more workers
accounted for only 5 percent of all establishments, yet em-
ployed 58 percent of all workers. The large establishments—
those with more than 500 workers—accounted for only 0.3
percent of all establishments, but employed 20 percent of all
workers. Table 1 presents the percent distribution of employ-
ment according to establishment size.

Establishment size can play a role in the characteristics of
each job. Large establishments generally offer workers greater
occupational mobility and advancement potential, whereas small
establishments may provide their employees with broader ex-
perience by requiring them to assume a wider range of respon-
sibilities. Also, small establishments are distributed through-
out the nation; every locality has a few small businesses. Large
establishments, in contrast, employ more workers and are less
common, but they play a much more prominent role in the
economies of the areas in which they are located.

Table 1. Percent distribution of establishments and employment
in all industries by establishment size, 1997

Establishment Establishments Employment
size

{number of workers)
Total .....oeenceeeeeeeene 100.0 100.0
ToA e 54.5 6.1
5-9... 19.6 8.5
10-19 12.4 10.9
20-49 83 16.4
50-99........ 2.8 127
100-249.... 1.7 16.2
250-499.... 04 9.4
500-999.............. 0.2 7.0
1,000 or more ................ 0.1 127

SOURCE: Department of Commerce, County Business Pattems, 1997
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Working Conditions

Just as the goods and services of each industry are different,
working conditions in industries can vary significantly. In
some industries, the work setting is quiet, temperature-con-
trolled, and virtually hazard free. Other industries are charac-
terized by noisy, uncomfortable, and sometimes dangerous
work environments. Some industries require long workweeks
and shift work; in many industries, standard 35-to 40-hour
workweeks are common. Still other industries can be sea-
sonal, requiring long hours during busy periods and abbrevi-
ated schedules during slower months. These varying condi-
tions usually are determined by production processes, estab-
lishment size, and the physical location of work.

One of the most telling indicators of working conditions is
an industry’s injury and illness rate. Overexertion, being struck
by an object, and falls on the same level, were among the most
common incidents causing injury or illness. In 1997, approxi-
mately 6.1 million nonfatal injuries and illnesses were reported
throughout private industry. Among major industry divisions,
manufacturing had the highest rate of injury and illness—10.3
cases for every 100 full-time workers—while finance, insur-
ance, and real estate had the lowest rate—2.2 cases. About
6,000 work-related fatalities were reported in 1998; transpor-
tation accidents, violent acts, contact with objects and equip-
ment, falls, and exposure to harmful substances or environ-
ments were among the most common events resulting in fatal
injuries. Table 2 presents industries with the highestand low-
est rates of nonfatal injury and illness.

Table 2. Nonfatal Injury and lliness rates of selected Industries,
1997

Cases per
Industry 100 full-time employees
All INAUSEHIES ..ottt seanes 71
High rates
Motor vehicle manufacturing .........cceeeveeeeceseeees 255
Alr transportation .........cceeveveecenenes 16.4
Nursing and personal care facilities . 16.2
Food processing ........cccceceeeenecee 145
Trucking and warehousing ............ 10.0
Low rates
Insurance 19
Banking ........cecevuneee. 1.8
Radio and TV broadcasting.........ccceccouvueseeennunnnne 1.8
Computer and data processing 0.8
Securities and commodities ..............c.cocevevernreens 0.7

Work schedules are another important reflection of work-
ing conditions, and the operational requirements of each in-
dustry lead to large differences in hours worked and part-time
versus full-time status. The contrast in an average workweek
was notable between retail trade and manufacturing—29.1
hours and 41.7 hours, respectively, in 1998. More than 30
percent of workers in retail trade work part time (1 to 34 hours
per week), compared to only 5 percent in manufacturing. Table

Q
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3 presents industries having relatively high and low percent-
ages of part-time workers.

Table 3. Percent of part-time workers in selected industries, 1998

Percent
Industry part-time
Al INAUSEIIES ..ottt ceeesans 15.9
Many part-time workers
Apparel and accessory Stores ............c.ceeeruerenens 38.6
Eating and drinking places..........ccccceececemnnnnnnnne 38.0
Department Stores ..........ccccoveveeveeinreneneneeeeeeennnenes 33.0
GrOCEIY SIOFES .....c.cccnviiriirireninternsssresesssssssssesenenses 325
Child-Care SBrviCES .......c.cccrueereeeeeeererenisisissrsnsesses 29.7
Few part-time workers
PUbIIC ULIlItIBS ....ceveererecrnrirececreseninnesteieinescsennenns 3.0
Chemical manufacturing, except drugs ... 29
Textile mill products manufacturing ...................... 25
Motor vehicle and equipment manufacturing ....... 18
Steel MANUFACIUMNG ......ccccvvriviniiiiinienrenininteieennes 1.7

The low proportion of part-time workers in some manu-
facturing industries often reflects the continuity of the pro-
duction processes and the specificity of skills. Once begun, it
is costly to halt these processes; machinery and materials must
be tended and moved continuously. For example, the chemi-
cal manufacturing industry produces many different chemi-
cal products through controlled chemical reactions. These
processes require chemical operators to monitor and adjust
the flow of materials into and out of the line of production.
Production may continue 24 hours a day, 7 days a week under
the watchful eyes of chemical operators who work in shifts.

Retail trade and service industries, on the other hand, have
seasonal cycles marked by various events, such as school open-
ings or important holidays, that affect the hours worked. Dur-
ing busy times of the year, longer hours are common, whereas
slack periods lead to cutbacks and shorter workweeks. Jobs
in these industries are generally appealing to students and oth-
ers who desire flexible, part-time schedules.

Employment

The number of wage and salary worker jobs in the United
States totaled nearly 128 million in 1998, and it is projected to
reach almost 148 million by 2008 (See Table 4). In addition
to these workers, the U.S. economy also provided employ-
ment for nearly 12 million self-employed workers and about
182,000 unpaid family workers.

As shown in table 4, employment is not evenly divided
among the various industries. The services major industry
division is the largest source of employment, with over 47
million workers, followed by wholesale and retail trade and
manufacturing major industry divisions. Among the indus-
tries covered in the Career Guide, wage and salary employ-
ment ranged from 181,000 in cable and other pay television
services to 11.2 million in educational services. Three indus-
tries—educational services, health services, and eating and
drinking places—together accounted for about 30 million jobs,
or nearly a quarter of the Nation’s employment.

10
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Table 4. Wage and salary employment In selected industries, 1998 and projected change, 1998 to 2008

{Employment in thousands)

Industry 1998 2008 1998-2008
Employment Percent Employment Employment Percent
distribution change change
Al INAUSIFIES ..ot ees 128,008 100.0 147,543 19,635 16.3
Goods-producing industries ...............coooeevererveeeennnnnnn. 27,506 21.5 27,951 445 1.6
Agriculture, forestry, and fishing............................ 2,159 1.7 2,257 98 4.6
Agricultural Services...........ccceceevreverrevneeeeceeveenenne. 1,005 0.8 1,251 246 245
Agricultural production ..........ccceueeeeeueeernererreniinnee. 1,106 0.9 968 -138 -12.5
MINING ...t e 590 0.5 475 -115 -19.4
Qil and gas extraction ... 339 0.3 283 -56 -16.7
Mining and qUarmying ..........coereuereerreneiecceeeenerane 251 0.2 192 -59 -23.2
CONSrUCtion ..o 5,985 4.7 6,535 550 9.2
Manutacturing ..........cccoceveueeeeececcee e 18,772 14.7 18,684 -88 -0.5
Electronics manufacturing 1,564 1.2 1,701 137 8.8
Food processing .......... 1,686 1.3 1,721 35 2.1
Printing and publishing 1,564 1.2 1,545 -19 -1.3
Motor vehicle and equipment
MANUIACIUMING ....veueneeeieeie ettt s eeee e 990 0.7 940 -50 -5.0
Chemicals manufacturing, except drugs 764 0.6 734 -30 -3.9
Apparel and other textile
products manufacturing ..............cceecuveemrerveenrnnn. 763 0.6 586 -178 -23.3
Textile mill products manufacturing ......................... 598 0.5 501 -97 -16.2
Aerospace manufacturing ............c....eeeeeecevevereene. 524 0.4 656 132 25.2
Drug manufacturing............. 279 0.2 308 29 10.7
Steel ManutaCturing .............ccc.ooeeeeemeeereerenesreenn, 232 0.2 177 -55 -23.7
Service-producing industrles...................cccovoveerreveerionn. 100,501 78.5 119,590 19,089 19.0
Transportation, communications,
and public utilitles ............ccocoeereerrieeriieennnnn. 6,600 5.2 7,640 940 14.3
Trucking and warehousing . 1,745 1.4 1,944 199 11.4
Air transportation .............ccceceveuvveeevervennnene 1,183 09 1,400 217 18.3
Telecommunications.................ececueueennen.. 1,042 0.8 1,285 244 234
Public utilities........c.ceerevererrucrennnneee. 855 0.7 822 -33 -3.8
Radio and television broadcasting .. 247 0.1 253 6 2.5
Cable and other pay TV services ................o......... 181 0.1 230 49 27.0
Wholesale and retail trade ....................................... 29,128 22.8 32,693 3,565 12.2
Eating and drinking places .... 7,760 6.1 9,082 1,322 17.0
Wholesale trade....................... 6,831 5.3 7,330 499 7.3
Department, clothing, and .
variety stores.................. 3,872 3.0 4,101 228 5.9
GroCOMY SIOTES .....cccovvuevirrenrerieeieceeseesseeeesrreessnnes 3,066 2.4 3,240 174 5.7
Motor vehicle dealers ............cceeeeveeveceeeeeveneereenann 1,145 0.9 1,277 132 11.6
Finance, insurance, and real estate ....................... 7,407 5.8 8,367 960 13.0
INSUrANCO .......c.ccvveerenenerere e, 2,344 1.8 2,576 233 9.9
Banking .......c.ccoevevrevvnenuiennnn 2,042 1.6 2,100 58 2.8
Securities and commodities................cc.vuereeeennnnn. 645 0.5 900 255 39.6
SeIVICES ...t 47,528 371 60,445 12,917 27.2
Educational services . 11,175 8.7 12,885 1,680 15.3
Health services ............ e 10,829 8.5 13,614 2,785 25.7
Personnel supply services .. 3,230 25 4,623 1,393 43.1
Social services............................ 2,039 1.6 2,878 839 411
Hotels and other lodging places .................u........... 1,776 14 2,088 312 17.6
Amusement and recreation
SOIVICES ...uvnrtiniet it st crsee st cnsse e e seaeenaen 1,601 1.3 2,108 507 31.7
Compuier and data processing
SOIVICES ..ccconniiiririeinitiettitrccneeeeeeereenieseseeeseesnnnes 1,599 1.2 3,471 1,872 1171
Management and public relations
SBIVICES ...cuviieuiiicerreeceeetree e seraer et et esesee s 1,034 0.8 1,500 466 45.1
Child-care services 605 0.5 800 196 323
Motion picture production
and distribution .........cccceeuiveveercceceeee e 270 0.2 316 46 16.9
AQVOIISING ..oviineenieeiee ettt seseese s, 268 0.2 323 55 20.5
GOVernmMeNt ...............cocooivuiveeeeeeeeeeeeee e 9,838 7.7 10,545 707 7.2
State and local government . 7,152 5.6 7,996 844 11.8
Federal Government .............ccceeeuuvnennene 1,819 1.4 1,655 -164 -9.0
Q :
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Although workers of all ages are employed in each indus-
try, certain industries tend to possess workers of distinct age
groups. For the reasons mentioned above, retail trade em-
ploys a relatively high proportion of younger workers to fill
part-time and temporary positions. The manufacturing sec-
tor, on the other hand, has a relatively high median age be-
cause many jobs in the sector require a number of years to
learn and rely on skills that do not easily transfer to other firms.
Also, manufacturing employment has been declining, provid-
ing fewer opportunities for younger workers to get jobs. Asa
result, almost one-third of the workers in retail trade were 24
years of age or younger, whereas only 10 percent of workers
in manufacturing were 24 or younger. Table 5 contrasts the
age distribution of workers in all industries with the distribu-
tions in retail trade and manufacturing.

Table 5. Percent distribution of Industry sector employment by
age group, 1998

All Retail
Age group industries trade Manufacturing
Total ....cccoveuenenee 100.0 100.0 100.0
16-24 ................ - 15.0 325 9.9
25-54 .......ccueueee 72.3 56.9 78.2
55 and older ..... 12.7 10.6 11.8

Employment in some industries is concentrated in one re-
gion of the country, and job opportunities in these industries
should be best in the States in which their establishments are
located. Such industries are often located near a source of raw
materials upon which the industries rely. For example, oil and
gas extraction jobs are concentrated in Texas, Louisiana, and
Oklahoma; many textile mill products manufacturing jobs are
found in North Carolina, Georgia, and South Carolina; and a
significant proportion of motor vehicle and equipment manu-
facturing jobs are located in Michigan. On the other hand, some
industries—such as grocery stores and educational services—
have jobs distributed throughout the Nation, reflecting popula-
tion density in different areas.

Occupations in the Industry

As mentioned above, the occupations found in each industry
depend on the types of services provided or goods produced.
For example, construction companies require skilled trades
workers to build and renovate buildings, so these companies
employ a large number of carpenters, electricians, plumbers,
painters, and sheet metal workers. Other occupations com-
mon to the construction sector include construction equipment
operators and mechanics, installers, and repairers. Retail trade,
on the other hand, displays and sells manufactured goods to
consumers, so this sector hires numerous sales clerks and other
workers, including nearly 5 out of 6 cashiers. Table 6 shows
the major industry divisions and the occupational groups which
predominate in the division.
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Table 6. Industry divisions and largest occupational concentra-
tion, 1998

Largest Percent
Industry occupational  of wage and
division group salary jobs
Agriculture, forestry, Agriculture 78.8
and fishing and related
Mining Precision 44.0
production
Construction Precision 55.5
production
Manufacturing Operators, fabricators, 45.0
and laborers
Transportation, communications, Operators, fabricators, 33.0
and public utilities and laborers
Wholesale and Marketing 32.7
retail trade and sales
Finance, insurance, Administrative 44.8
and real estate support
Services Professional 28.4
specialty
Government Administrative 26.1
support

The Nation’s occupational distribution clearly is influenced
by its industrial structure, yet there are many occupations, such
as general manager or secretary, which are found in all indus-
tries. In fact, some of the largest occupations in the U.S.
economy are dispersed across many industries. Because nearly
every industry relies on administrative support, for example,
this occupational group is the largest in the Nation (see table
7). Other large occupational groups include service occupa-
tions, professional specialty workers, and operators, fabrica-
tors, and laborers.

Table 7. Total employment In broad occupational groups, 1998
and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008

Employment  Percent
Occupational group change
Total, all occupations ..........cccecevvenenreenensecennnes 140,514 14.4
Executive, administrative, and managerial ..... 14,770 16.4
Professional specialty ..................... 19,802 27.0
Technicians and related support ... 4,949 222
Marketing and Sales.............coceeenreveeinieienennnens 15,341 149
Administrative support, including clerical ....... 24,461 9.0
SBIVICES ..ot et ssiste st sae st ssaessassesns 22,548 171
Agriculture, forestry, fishing, and related ........ 4,435 16
Precision production, craft, and repair 15,619 8.0
Operators, fabricators, and laborers ............... 18,588 9.4




Table 8. Percent distribution of highest grade completed or degree received by industry division, 1998

Bachelor’s Some coliege High school Less than 12

Industry degree or or associate graduate of years or no

division higher degree equivalent diploma
Agriculture, forestry, and fiShing.............cceceeuvererervererrerevennes 13 20 34 33
MINING ..ottt e s enae s 24 22 39 15
CONSITUCHION .....ocerieieineiiiiriieetcirereressessesesessessessecsessessesseens 10 25 44 21
ManUfaCtUriNg.......cccccveeeeeriereeeneeeeireeceeseseeeseeseesensanssennnns 21 24 40 15
Transportation, communications, and public utilities ........... 20 33 38 9
Wholesale and retail trade .............ccocoeeeevvccenrneverenneererenns 14 29 ' 37 20
Finance, insurance, and real estate.................cccecvverererurnenne 37 32 27 4
SOIVICOS ...ttt et et es 39 24 28 9
Government, public
AAMINISIrAtION .......cccoiueiieiiiiiiitintre e s eseeseeeseresensessessenes 37 36 25 2

Training and Advancement

Workers prepare for employment in many ways, but the
most fundamental form of job training in the United States
is a high school education. Fully 87 percent of the Nation’s
workforce possessed a high school diploma or its equiva-
lent in 1998. As the premium placed on education in
today’s economy increases, workers are responding by
pursuing additional training. In 1998, 28 percent of the
Nation’s workforce had some college or an associate’s
degree, while an additional 27 percent continued in their
studies and attained a bachelor’s degree or higher. In ad-
dition to these types of formal education, other sources of
qualifying training include formal company training, in-
formal on-the-job training, correspondence courses, the
Armed Forces, and friends, relatives, and other nonwork-
related training.

The unique combination of training required to succeed
in each industry is determined largely by the industry’s oc-
cupational composition. For example, machine operators
in manufacturing generally need little formal education after
high school, but sometimes complete considerable on-the-
job training. These requirements by major industry divi-
sion are clearly demonstrated in table 8. Workers with no
more than a high school diploma comprised about 67 per-
cent of all workers in agriculture, forestry, and fishing; 65
percent in construction; 55 percent in manufacturing; and
57 percent in wholesale and retail trade. On the other hand,
workers who had acquired at leasi some training at the col-
lege level comprised 73 percent of all workers in govern-
ment; 69 percent in finance, insurance, and real estate; and
63 percent in services. Tables 9 and 10 provide further il-
lustration of how greatly industries vary in their training
requirements, which show industries having the highest
percentages of college graduates and workers without edu-
cation beyond high school.
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Table 9. Industries with the highest percentage of workers who
have a bachelor’s degree or higher, 1998

Industry Percent
Management and public relations services ..................... 68.6
Securities and commodities ...........ccccecevenene .. 649
Elementary and secondary schools.. 62.8
Legal services ...........cceeereeverernnrennnns . 625
Accounting and auditing services ...........c.c.ueeererererenenne 62.3

Education and training are also important factors in the vari-
ety of advancement paths found in different industries. In gen-
eral, workers who complete additional on-the-job training or
education help their chances of being promoted. In*much of
the manufacturing sector, for example, production workers who
receive training in management and computer skills increase
their likelihood of being promoted to supervisors. Other fac-
tors which may figure prominently in the industries covered in
the Career Guide include the size of the establishment or com-
pany, institutionalized career tracks, and the skills and aptitude
of each worker. Each industry has some unique advancement
paths, so persons who seek jobs in particular industries should
be aware of how these paths may later shape their careers.

Table 10. Industries with the highest percentage of workers who
have 12 years or less of schooling or no diploma, 1998

Industry Percent
Meat products processing ...........c.c.ceceeeveeceverereunnerereresenns 79.5
Apparel and other finished

textile products manufacturing ............ccoceeveereiennnnen. 74.4
Private households ............c.cccceveueveereereneesennesessseessesnnnns 744
Lumber and wood products manufacturing ..................... 74.2
Services to dwellings and other buildings ....................... 73.2

Agricultural production, CroPS ...........ccceeevevevereereresesesennes 731
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Earnings

Like other characteristics, earnings differ from industry to in-
dustry, the result of a highly complicated process that relies
on a number of factors. For example, earnings may vary due
to the occupations in the industry, average hours worked, geo-
graphical location, industry profits, union affiliation, and edu-
cational requirements. In general, wages are highest in met-
ropolitan areas to compensate for the higher cost of living.
And, as would be expected, industries that employ relatively
few unskilled minimum-wage or part-time workers tend to
have higher earnings.

A good illustration of these differences is shown by the
earnings of production and nonsupervisory workers in coal
mining, which averaged $858 a week in 1998, and those in
eating and drinking places, where the weekly average was
$162. These differences are so large because the coal mining
industry employs a relatively highly-skilled, highly-unionized
workforce, while eating and drinking places employ many
relatively lower-skilled, part-time workers, few of whom be-
long to unions. In addition, many workers in eating and drink-
ing places are able to supplement their low wages with money
they receive as tips, which are not included in the industry
wages data. Table 11 highlights the industries with the high-
est and lowest average weekly earnings. Because these data
exclude supervisors, they generally are lower than the aver-
age earnings for all workers in a given industry.

Table 11. Average weekly earnings of nongovernment production
or nonsupervisory workers in selected Industrles, 1998

Industry Earnings
All Industrles $442
Industries with high earnings

Coal MINING c.ccocvirereererereerenreess e sesseseesssesseesseans 858

Railroad transportation
Aerospace manufacturing ..
Public utilities
Steel manufacturing
Computer and data processing services....
Engineering services
Securities and commodities
Motion picture production.and services .
Motor vehicle production

Industries with low earnings
Help supply services
Nursing and personal care services
Apparel and other textile

products manufacturing
Hotels and other lodging places ...
Grocery stores
Amusement and recreation services ...
General merchandise stores
Child care services
Apparel and accessory stores ..
Eating and drinking places

Employee benefits, once a minor addition to wages and sala-
ries, continue to grow in diversity and cost. In addition to
traditional benefits—including paid vacations, life and health
insurance, and pensions—many employers now offer various
benefits to accommodate the needs of a changing labor force.
Such benefits are child care, employee assistance programs
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that provide counseling for personal problems, and wellness
programs that encourage exercise, stress management, and self-
improvement. Benefits vary among occupational groups, full
and part-time workers, public and private sector workers, re-
gions, unionized and nonunionized workers, and small and
large establishments. Data indicate that full-time workers and
those in medium-size and large establishments—those with
100 or more workers—receive better benefits than part-time
workers and those in smaller establishments.

Table 12. Percent of workers who are union members or covered
by union contracts by industry division, 1998

‘Union members or
covered by union contracts

Industry
division

Total, all industries ............cccecveeverrceeencnnnes 15.4
Government, public administration ................. 37.5
Transportation, communications,

and public utilities ...........cceeevevieeiennens 33.7
Construction .........ccccuce... 19.8
Manufacturing..........cccceueueee. 16.8
SerVICeS..coccernneireceeenee 15.4
MINING .ooeeeveece e 13.6
Wholesale and retail trade.................. 5.8
Finance, insurance, and real estate .. 3.4
Agriculture, forestry, and fishing .........c.ccceecu.... 2.3

Union affiliation may also play a role in earnings and ben-
efits. In 1998, about 15 percent of workers throughout the
Nation were union members or covered by union contracts.
As table 12 demonstrates, union affiliation of workers varies
widely by industry. Over a third of the workers in govern-
ment and transportation, communications, and public utilities
are union members or are covered by union contracts, com-
pared to less than 4 percent in finance, insurance, and real
estate and agriculture, forestry, and fishing.

Outlook
Total employment in the United States is projected to increase
about 15 percent over the 1998-2008 period. Employment
growth, however, is only one source of job openings; the total
number of openings provided by any industry depends on its
current employment level, its growth rate, and its need to re-
place workers who leave their jobs. Throughout the economy,
in fact, replacement needs will create more job openings than
employment growth. Employment size is a major determi-
nant of job openings—Ilarger industries generally provide more
openings. The occupational composition of an industry is
another factor. Industries with a high concentration of pro-
fessional, technical, and other jobs that require more formal
education—occupations in which workers tend to leave their
jobs less frequently—generally have fewer openings result-
ing from replacement needs. On the other hand, industries
with a high concentration of service, laborer, and other jobs
that require little formal education and have lower wages gen-
erally have more replacement openings because these work-
ers are more likely to leave their occupations.

Employment growth is determined largely by changes in the
demand for the goods and services produced by an industry,
worker productivity, and foreign competition. Each industry is



affected by a different set of variables that impacts the number
and composition of jobs that will be available. Even within an
industry, employment in different occupations may grow at dif-
ferent rates. For example, changes in technology, production
methods, and business practices in an industry might eliminate
some jobs, while creating others. Some industries may be grow-
ing rapidly overall, yet opportunities for workers in occupa-
tions that are adversely affected by technological change could
be stagnant. Similarly, employment of some occupations may
be declining in the economy as a whole, yet may be increasing
in a rapidly growing industry.

As shown in table 4, employment growth rates over the next
decade will vary widely among industries. Employment in
goods-producing industries will increase slightly, as growth in
construction and agriculture, forestry, and fishing is expected
to be offset by declining employment in mining and manufac-
turing. Growth in construction employment will be driven by
new factory construction as existing facilities are modernized;
by new school construction, reflecting growth in the school-
age population; and by infrastructure improvements, such as
road and bridge construction. Overall employment in agricul-
ture, forestry, and fishing will grow more slowly than average,
with almost all new jobs occurring in the rapidly growing agri-
cultural services industry—which includes landscaping, farm
management, veterinary, soil preparation, and crop services.
Employment in mining is expected to decline, due to the spread
of labor-saving technology and increasing reliance on foreign
sources of energy. Manufacturing employment also will de-
cline slightly, as improvements in production technology and
rising imports eliminate many production occupations. Apparel
manufacturing is projected to lose about 178,000 jobs over the
1998-2008 period-—more than any other manufacturing indus-
try—due primarily to increasing imports. Some manufactur-
ing industries with strong domestic markets and export poten-
tial, however, are expected to experience increases in employ-
ment. The drug manufacturing and aerospace manufacturing
industries are two examples. Sales of drugs are expected to
increase with the rise in the population, particularly the elderly,
and the availability of new drugs on the market. An increase in
air traffic, coupled with the need to replace aging aircraft will
generate strong sales for commercial aircraft. Both industries
have large export markets.

Growth in overall employment will result primarily from
growth in service-producing industries over the 1998-2008
period, almost all of which are expected to witness increasing
employment. Rising employment in these industries will be
driven by services industries—the largest and fastest growing
major industry sector—which is projected to provide more than
2 out of 3 new jobs across the Nation. Health, education, and
business services will account for almost 9 million of these
new jobs. In addition, employment in the Nation’s fastest
growing industry—computer and data processing serviccs—
is expected to more than double, adding another 1.8 million
jobs. Job growth in the services sector will result from overall
population growth, the rise in the elderly and school age popu-
lation, and the trend toward contracting out for computer, per-
sonnel, and other business services.

Wholesale and retail trade is expected to add an additional
3.6 million jobs over the coming decade. Nearly 500,000 of
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these jobs will arise in wholesale trade, driven mostly by
growth in trade and the overall economy. Retail trade is ex-
pected to add 3 million jobs over the 1998-2008 period, re-
sulting largely from a greater population and increased per-
sonal income levels. Although most retail stores are expected
tc add employees, nonstore retailers will experience the fast-
est growth rate—355 percent—as electronic commerce and mail
order sales account for an increasing portion of retail sales.
Eating and drinking places will have the largest number of
openings, over 1.3 million,

Employment in transportation, communications, and
public utilities is projected to increase by nearly 940,000
new jobs. The telecommunications industry will have the
biggest increase—244,000 jobs. Strong demand for new
telecommunications services, such as Internet and wireless
communications, will lead to an expansion of the telecom-
munications infrastructure and provide strong employment
growth. Trucking and air transportation are expected to
generate over 400,000 jobs. Trucking industry growth will
be fueled by growth in the volume of goods that need to be
shipped as the economy expands. Air transportation will
expand as consumer and business demand increases, reflect-
ing a rising population and increased business activity. Fi-
nally, while radio and television broadcasting will show
little employment growth due to consolidations in the in-
dustry, cable and other pay television companies will in-
crease by 27 percent as they upgrade their systems to de-
liver a wider array of communication and programming
services.

Overall employment growth in finance, insurance, and real
estate is expected to be around 13 percent, with close to 1
million jobs added by 2008. Securities and commodities will
be the fastest growing industry in this sector, adding over
250,000 jobs. A growing interest in investing and the rising
popularity of 401(k) and other pension plans are fueling in-
creases in this industry. In contrast, the largest industry in this
sector, banking, will grow by only 2.8 percent, or 58,000 jobs,
as technological advances and the increasing use of electronic
banking reduce the need for large administrative support staffs.
Nondepository institutions—including personal and business
credit institutions, as well as mortgage banks—are expected
to grow at a rapid rate, and insurance will also expand, in-
creasing by 232,000 jobs.

All 707,000 new government jobs are expected to arise in
State and local government, reflecting growth in the popula-
tion and its demand for public services. In contrast, the Fed-
eral Government is expected to lose more than 160,000 jobs
over the 1998-2008 period, as efforts continue to cut costs by
contracting out services and giving States more responsibility
for administering Federally funded programs.

In sum, recent changes in the economy are having far-reach-
ing and complex effects on employment in each of the indus-
tries covered in the Career Guide. Jobseekers should be aware
of these changes, keeping alert for developments that can af-
fect job opportunities in industries and the variety of occupa-
tions which are found in each industry. For more detailed
information on specific occupations, consult the 2000-2001
Edition of the Occupational Outlook Handbook, which pro-
vides information on 250 occupations.
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Agricultural Production

(SIC 01, 02)

SIGNIFICANT POINTS . , V

®
workforce.

Commercial farms make up about one-fourth of all agricultural establishments, yet generate
approximately 90 percent of total agricultural output. .

Self-employed workers—mostly farmers—account for more than half of the industry’s

Employment in agricultural production is expected to continue its long-term decline.

Nature of the Industry

Agricultural production, or farming and ranching, has long
been a mainstay of the Nation’s economy, successfully feed-
ing and clothing the domestic population as well as exporting
agricultural goods around the world. Once a labor intensive
industry, providing jobs for at least 12 percent of the workforce
as late as 1950, both agricultural employment and the number
of farms have dropped significantly in recent decades because
of mechanization and other technological improvements. Al-
though approximately one-third the number of farms exists
today as compared to 50 years ago, output has more than
doubled, exports of agricultural goods continue to contribute
positively to the trade balance, and agricultural production
remains one of the Nation’s top 10 industries in terms of total
employment.

Thanks to generally temperate climates, rich soil, and a
variety of growing conditions, the agricultural sector produces
an abundance and wide selection of goods. The industry is
roughly divided into two major segments: livestock produc-
tion, including animal specialties; and crop production. Live-
stock production includes establishments that raise livestock,
such as beef cattle, sheep, and hogs; dairy farms; poultry and
egg farms; and farms, such as apiaries (bee farms) and aquac-
ulture, that raise animal specialties. Crop production includes
the growing of cash grains, such as wheat, comn, and barley;
field crops, such as cotton and tobacco; vegetables and mel-
ons; fruits and nuts; and horticultural specialties, such as flow-
ers and ornamental plants.

About 2.2 million establishments make up the agricultural
production industry. According to the U.S. Department of
Agriculture, an establishment must sell at least $1,000 worth
of produce per year to qualify as a farm. Establishments sell-
ing between $1,000 and $50,000 are known as noncommer-
cial farms, while those selling more than $50,000 are identi-
fied as commercial farms. Noncommercial farms account for
about three-fourths of all farms, many of which are individu-
ally owned family farms. Commercial farms, though substan-
tially fewer in number, are much larger in size and generate
about 90 percent of total agricultural sales.

Production of some types of crops and livestock tend to be
concentrated in particular regions of the country, based on the
growing conditions and the topography. For example, the
warm climates of Florida and Southern California are best
suited for citrus fruit production. The Southern States are the
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major growers of tobacco, cotton, rice, and peanuts. In the
Northeast, from Maine to New Jersey, blueberries, maple
syrup, and apples are major agricultural products. Cranberry
bogs are mainly found in Massachusetts and Wisconsin. Hogs,
grains, potatoes, and range-fed cattle are major products in
the Plains States. In the Southwest and West, ranchers raise
beef cattle. In Washington State, apples are an important crop;
in California grapes for wine are prominent, as well as most
vegetables and fruits. Poultry and dairy farms tend to be found
in most areas of the country.

The nature of the work in the agricultural production in-
dustry varies depending on the type of product. Consumption
of, and demand for, cash grains tend to be strong and steady,
and they comprise a substantial part of agricultural output.
They are generally grown in large-scale operations in several
areas in the Nation, but particularly the Midwest. During the
planting, growing, and harvesting seasons, workers are busy
for long hours plowing, disking, harrowing, seeding, fertiliz-
ing, and harvesting. Fieldwork on large farms consisting of
hundreds, sometimes thousands, of acres is often done using
massive, climate-controlled tractors and other modern agri-
cultural equipment. In some cases, “teams” of operators with
tractors, combines, or other agricultural equipment travel from
one farm to another during harvest time in a practice known
as “custom harvesting.”

Small-scale establishments are more common in the North-
east as compared to the larger establishments elsewhere in the
country, particularly the Southwest and West. However, these
small farms in States with limited growing seasons cannot
provide produce for markets during the months of late fall,
winter, and early spring. Therefore, the majority of fresh veg-
etables is grown on large farms in California, and shipped
throughout the country. Vegetables are generally still harvested
manually by groups of migrant farm workers, although new
machines have been developed io repiace manuai iabor for
some fruit crops. Vegetable growers on large farms of ap-
proximately 100 acres or more usually practice “monoculture,”
large-scale cultivation of one crop on each division of land.

Dairy farms provide the nation with a variety of products,
including milk, cheese, butter, and ice cream. Dairy farming
requires outdoor, as well as indoor, work. Farmers, farm man-
agers, and farm workers must feed cows, heifers, and calves,
clean their stalls, and take them outside to pastures for exer-
cise and grazing. Workers may also plant, harvest, and store



several crops to feed the cattle through the cold of winter or
the drought of summer.

Though the nature of the work on large ranches in the West
and Southwest still entails the kind of activities—such as
branding and herding—often seen in cowboy movies, the use
of modem equipment and technology has changed the way
the work is done. Branding and vaccinating of herds, for ex-
ample, are largely mechanized. The work on such establish-
ments still tends to be seasonal and to take place largely out-
doors. Common activities include raising feed crops, rotating
cattle from one pasture to another, and keeping fences in good
repair. But the use of trucks, portable communications gear,
and geopositioning equipment is now common and saves valu-
able time for livestock ranchers.

Poultry and egg farms are, for the most part, large operations
resembling production lines. With the exception of free-range
farms, where fow] are allowed some time outside during the day
for exercise and sunlight, poultry production involves mainly in-
door work, with workers performing a limited number of spe-
cific tasks repeatedly. Because of increased mechanization, poul-
try growers can raise chickens by the hundreds—sometimes the
thousands—under one roof. Eggs still are collected manually in
some small-scale hatcheries, but in larger hatcheries eggs tumble
down onto conveyor belts. Machines then wash, sort, and pack
the eggs into individual cartons. From there, workers place the
cartons into boxes and stack the boxes onto pallets.

On aquaculture farms, farmers raise fish and shellfish in
salt, brackish, or fresh water—depending on the requirements
of the particular species—usually in ponds, floating net pens,
raceways, or recirculating systems. They stock, feed, protect,
and otherwise manage aquatic life sold for consumption or
used for recreational fishing. Horticulture farms raise orna-
mental plants, bulbs, shrubbery, sod, and flowers. Although
much of the work takes place outdoors, in seasonal climates
much production also takes place in greenhouses or hothouses.

Some agricultural establishments cater directly to the pub-
lic. For example, some fruit and vegetable growers use the
marketing strategy of “pick-your-own” produce, or set up road-
side stands. Nurseries and greenhouses, which grow every-
thing from seedlings to sod, also provide products directly to
individual consumers as well as to retail establishments and
other industries.

Working Conditions

Agricultural production attracts people who enjoy an inde-
pendent lifestyle and working with animals or outdoors on
the land. For many, the wide-open physical expanse, the
variability of day-to-day work, and the rural setting pro-
vide benefits that offset the sometimes hard labor, the dan-
ger that unseasonable or extreme weather may stunt or ruin
crops, and the risk that unfavorable commodity prices may
lower income.

Although the working conditions vary by occupation and
setting, there are some characteristics common to most agricul-
tural jobs. Hours are generally uneven and oftentimes long;
work can’t be delayed when crops must be planted and har-
vested, or when animals must be sheltered and fed. Weekend
work is common, and farmers, farm managers, crew leaders,
farm equipment operators, and farm workers may work a 6- or
7-day week during planting and harvesting seasons. More than
1 out of 4 employees in this industry work variable schedules
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compared to less than 1 in 10 workers in all industries com-
bined. Since much of the work is seasonal in nature, many
farm workers must cope with the difficulty in obtaining year-
round, full-time employment. Migrant farm workers, who move
from location to location as crops ripen, live an unsettled
lifestyle, which can be swressful.

Much farm and ranch work takes place outdoors in all kinds
of weather and is physical in nature. Harvesting vegetables,
in particular, requires manual labor, and workers do much
bending, stooping, and lifting. Some field workers may lack
adequate sanitation facilities, and their drinking water may be
limited. The year-round nature of much livestock production
work means that ranch workers must be out in the heat of
summer, as well as the cold of winter. Those who work di-
rectly with animals risk being bitten or kicked.

Farmers and farm workers in crop production risk expo-
sure to pesticides and other potentially hazardous chemicals
that are sprayed on crops or plants. Those who work on mecha-
nized farms must take precautions when working with tools
and heavy equipment to avoid injury. Farmwork has long had
one of the highest incidences of illnesses and injuries of any
industry. In 1997, crop production had 9.1 injuries and ill-
nesses per 100 full-time workers compared to an average of
7.1 throughout private industry.

Employment

In 1998, agricultural production employed a total of about 2.5
million workers, making it one of the largest industries in the
Nation. This industry is unusual in that self-employed work-
ers account for a slight majority of its workforce. Among all
occupations, just over halff—about 1.3 million—are self-em-
ployed; nearly 1.2 million wage and salary workers and 35,000
unpaid family workers make up the remainder.

For wage and salary workers, the single most common oc-
cupation was that of farm workers, who made up nearly 25
percent of the overall workforce. The majority of self-em-
ployed workers were farmers, accounting for approximately
52 percent of total employment in this industry. Agricultural
production is one of the few remaining areas of the economy
where unpaid family workers remain a significant part of the
workforce. Most unpaid family workers on farms assist with
the farm work, but a small number do bookkeeping and ac-
counting or act as farmers. -

Employment is fairly evenly distributed between livestock
production and crop production, with livestock-producing es-
tablishments employing about 55 percent of all workers and
crop-producing establishments employing 45 percent. Estab-
lishments specializing in ornamental nursery products employed
the largest number of workers in 1997, followed by vegetable
and melon producing farms and fruit orchards. Crop farms,
dairy farms, and vineyards also employed a significant number
of workers. Most individual agricultural production establish-
ments, however, employ fewer than 10 workers (chart).

Workers in agricultural production tend to be slightly older
than the workers in other industries. In livestock production,
for example, about half of the workers are over the age of 44,
compared to about one-third, on average, in all industries. In
agricultural production, the median age was significantly
higher, 43, than for workers in all other industries, 39, prob-
ably reflecting the strong attachment that self-employed farm-
ers have to their occupation.
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Few agricultural production establishments
employ 10 or more workers
Percent
Il Establishments 54.1
[J Employment
30.1
210
219
145 151
124
105 87
58
1 2 3to4 5t09 10+
Number of workers employed by establishment
Source: U.S. Department of Agricutture, Census of Agriculture, 1997

Occupations in the Industry

It takes several kinds of occupational specialties—from book-
keepers, accountants, and auditors to mechanics and repair-
ers—to keep the industry functioning (table 1). However,
despite upgrades in technology, new forms of machinery, and
the complex financial records that must be kept, three occu-
pations still compose the overwhelming majority of workers
in agricultural production: Farmers, farm managers, and farm
workers.

Farmers are the self-employed owner-operators of establish-
ments that produce agricultural output. Their work encompasses
numerous tasks. They keep records of their animals’ health,
crop rotation, operating expenses, major purchases, bills paid
and income due, as well as pay bills and file taxes. Computer
literacy has become as necessary for farmers as it has for many
other occupations.

Farmers must have additional skills to keep a farm operat-
ing day-in and day-out. A basic understanding and working
knowledge of mechanics, carpentry, plumbing, and electric-
ity are all helpful, if not essential, for running a farm. The
ability to maintain and repair equipment and facilities is im-
portant to keep costs down and the farm running smoothly.

Farmers who work large commercial farms for cash crops
make decisions as much as a year in advance about which
crop to grow. Therefore, a farmer must be aware of prices in
national and international markets to use for guidance, while
tracking the costs associated with each particular crop. When
dealing in hundreds or thousands of acres of one crop, even
smaii errors in judgment are magnified, so the impact can be
substantial. Thus, large-scale farmers strive to keep costs to a
minimum in every phase of the operation. Furthermore, risk
management of portfolios—the practice of juggling stocks,
buying and selling futures, and engaging in other paper deals
like bond trading—is now becoming more important for farm-
ers of large commercial farms.

Farm managers operate the farm on a daily basis for the
owners. Large commercial farms may have a manager for
diffcrent operations within the establishment. On smaller
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farms, farm managers oversee all operations. They purchase
the inputs used in the farm’s production: Machinery, seed,
fertilizers, herbicides and pesticides, fuel, and labor. They
must be aware of any laws that govern the use of such inputs
in the farm’s locality. Additionally, they may hire and over-
see other farm employees as they plow, disk, harrow, plant,
fertilize, harvest, and care for livestock. Farm managers must
be knowledgeable about crop rotation, soil testing, and vari-
ous types of capital improvements necessary to maximize
crop yields.

Farm managers perform many of the functions of farmers
themselves, with the added tasks of managing the schedules
and work of the employees. They assign, monitor and assess
individuals’ performances day-in and day-out. They may keep
inorder all the paperwork needed to satisfy legal requirements,
including keeping payroll records and state and Federal tax
records.

Farm workers perform the whole spectrum of daily chores
involved in crop or livestock production. On nurseries they
plant seedlings, transplant saplings, and water and trim plants.
On crop farms they may manually plant, cultivate, and har-
vest vegetables, fruits, nuts, and field crops using hand tools
such as shovels, trowels, hoes, tampers, pruning hooks,
shears, and knives. Among their duties are tilling soil and
applying fertilizers; transplanting, weeding, thinning, or
pruning crops; applying fungicides, herbicides, or pesticides;
and packing and loading harvested products. They also may
repair fences and farm buildings, or keep irrigation equip-
ment functioning. Some farm workers attend to farm or ranch
animals such as sheep, cattle, goats, hogs, and poultry. They
clean and maintain animal housing areas; feed, water,.-herd,
brand, weigh, and load animals; shear wool from sheep; col-
lect eggs from hatcheries; tend dairy milking machines; and
shoe animals.

Farm equipment operators handle the tractors and equip-
ment used for plowing, sowing, and harvesting on large-scale
establishments. Teams of such operators may travel through-
out the Plains States during harvest time, working long hours
each day in order to reap.as quickly as possible while the
nutrients in the grains are at their fullest. On establishments
of smaller scale, farm equipment operators handle field work
of different types using machinery such as fertilizer spread-
ers, haybines, raking equipment, balers, combines, and
threshers.

Training and Advancement

The agricultural production industry is characterized by a large
number of workers with low levels of educational attainment.
More than one-third of this industry’s workforce does not have
a high school diploma, compared to only 13 percent of all
workers in other industries. The proportion of workers with-
out a high school diploma is particularly high in the crop pro-
duction secior, where there are more labor-iniensive esiab-
lishments employing migrant farm workers.

Training and education requirements for general farm work-
ers are few. Some experience in farm or ranch work is benefi-
cial, but most tasks require manual labor and are learned fairly
quickly on-the-job. Advancement for farm workers is lim-
ited. Motivated and experienced farm workers may become
crew leaders or farm labor contractors. Farm workers who
wish to become independent farmers first must buy or rent a
plot of land.
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Table 1. Employment of wage and salary workers in agricultural
production by occupation, 1998 and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008
Empioyment Percent
Occupation Number Percent change
All occupations ...........cccevvvvvvvivcvinennne 1,163 100.0 -11.2
Agriculture, forestry, and
fishing ........... ... 1,030 885 -10.9
Farm workers...... ... 606 52.1 -14.3
Farm managers .......ccocoeennrveveceenee 164 14.1 -0.1
Landscaping, groundskeeping,
nursery, greenhouse, and lawn
service occupations ............cccceeeeene 54 4.6 -9.6
Supervisors, farming, forestry, and
agricultural related occupations ..... 28 24 -145
Operators, fabricators, and
1aDOrers ..........cccoeviccnnennrnnninieeens 40 34 -9.1
Truckdrivers .........ceeeiveeeeceereecrececennnes 18 1.6 -8.6
Machine setters, set-up operators,
operators, and tenders ................... 8 0.7 7.2
Helpers, laborers, and material
movers, hand .......cocceecceeeereeenivecerenes 5 0.5 -12.3
Hand workers, including
assemblers and fabricators ............ 5 0.4 -10.3
Administrative support, inciuding
clerical ... 33 28 -18.9
Bookkeeping, accounting and
auditing clerks 13 1.1 -19.5
S6Cretarios .....cceninnninineeneenien 8 0.7 -25.9
Precision, production, craft and
[1=T o || OO 22 1.9 -14.2
Mechanics, installers and
TOPAITETS ....covvreeeieinirceeecereiceeeneees 14 1.2 -13.8
Executive, administrative, and
managerlal ..........ccceevveeecrerenreeverinnen 14 1.2 -12.7
SEIVICE ....ooeeeeeeereeeeeeeee et ereeeseane 11 0.9 -18.1
All other occupations ...............cccenee. 14 1.2 -8.8

Becoming a farmer generally does not require formal train-
ing or credentials. However, knowledge and expertise about
agricultural production are essential to success for prospective
farmers. The traditional method for acquiring such knowledge
is through growing up on a farm. This method is becoming less
and less common as the percentage of the U.S. population raised
on farms continues to dwindle. But even with a farming back-
ground, a person considering farming would benefit from the
formal schooling offered by land-grant universities in each State.
Programs usually incorporate hands-on training into curricula
that complements the academic subjects. Typical coursework
covers the agricultural sciences (crop, dairy, and animal) and
business subjects such as accounting and marketing.

Experience and some formal education are necessary for
farm managers. A bachelor’s degree in business with a con-
centration in agriculture provides a good background. Work
experience in the different aspects of farm operations en-
hances knowledge and develops decision-making skills,
which further qualifies prospective farm managers. The ex-
perience of having performed routines on other farming es-
tablishments in the capacity of a farm worker may save man-
agers valuable time in forming daily or monthly workplans
and in avoiding pitfalls that could result in finaficial burdens
for the farm.
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Whether gained through experience or formal education,
both farmers and farm managers need enough technical
knowledge of crops, growing conditions, and plant diseases
to make sound scientific and financial decisions. A rudi-
mentary knowledge of veterinary science, as well as animal
husbandry, is important for dairy and livestock farmers and
farm managers.

It also is crucial for farmers and farm managers to stay
abreast of the latest developments in agricultural production.
They may do this by reviewing agricultural journals that pub-
lish information about new cost-cutting procedures, new
forms of marketing, or good results with new techniques.
County cooperative extension agencies serve as a link be-
tween university and government research programs and
farmers and farm managers, providing the latest informa-
tion on numerous agricultural-related subjects. County co-
operative extension agents may demonstrate new animal
breeding techniques, or more environmentally safe methods
of fertilizing, for example. Other organizations provide in-
formation—through journals, newsletters, and the Internet—
on agricultural research and the results of implementing in-
novative methods and ideas.

Some private organizations are helping to make farmland
affordable for new farmers through a variety of institutional
innovations. The Land Link program, run by the Center for
Rural Affairs, matches old farmers up with young. In the
matching process, farmers approaching retirement arrange to
pass along their land to young farmers wishing to keep the
land under cultivation. The Center for Rural Affairs also op-
erates a private loan program for first-time buyers, as well as
a program, the Rural Investment Corporation, designed to give
beginning farmers an equal opportunity for farm credit.

Earnings

In 1998, median earnings for workers in agricultural produc-
tion were $299 per week, substantially lower than the median
of $523 for all workers in private industry. In fact, only the
highest 10 percent of workers in agricultural production earned
more than $582. Lower than average earnings are due in part
to the low level of skill required for many of the jobs in the
industry and the seasonal nature of the work.

Farm income can vary substantially, depending on a num-
ber of factors, including: the type of crop or livestock being
raised, price fluctuations for various agricultural products, and
weather conditions that affect yield. For many farmers, par-
ticularly those working non-commercial farms, crop or live-
stock production is not their major occupation or source of
income.

Outlook

The expanding world population should lead to a rise in
demand for food and fiber. Demand for U.S. agricultural
exports is expected to grow in the long run as developing
nations improve their economies and personal incomes.
However, increasing productivity in the highly efficient
U.S. agricultural production industry is expected to meet
domestic consumption needs and export requirements with
fewer farms and less farm labor than in the past. Further-
more, market pressures may continue to lead to the consoli-
dation of many farms. The trend toward fewer and larger farms
is expected to continue through the 1998-2008 period, result-
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ing in an 18 percent decline of overall employment in agri-
cultural production. The decline will be fastest, at 24 per-
cent, among self-employed workers, most of whom are
farmers. Employment of wage and salary workers will
decline half as slowly as the self-employed.

In receni decades, new technology in the form of larger
and more efficient farm machinery, computerization of farm
equipment and financial systems, and biotechnology meth-
ods have resulted in higher yields and increased productiv-
ity. Further technological improvements will continue to
boost output between 1998 and 2008.

Federal Government subsidy payments traditionally have
shielded many agricultural producers from the ups and
downs of the market. Currently, both domestic and inter-
national official policy is to open up the industry to com-
petitive forces. As European producers face the loss of price
supports in the marketplace, prices of European agricul-
tural goods should drop, meaning increased competition for
U.S. farmers. In the United States, the 1996 Federal Agri-
culture Improvement and Reform Act (also known as the
1996 Farm Act) phases out price supports for agricultural
produce such as wheat, corn, grain sorghum, barley, oats,
rice, and upland cotton. Farm establishments that grow such
crops may experience heavy fluctuations in incomes as they
deal with the adverse affects of climate and price changes.
Dairy farming also will be affected by the 1996 Farm Act.
Starting in the year 2000, government price supports for
milk will disappear and milk prices will be determined by
market forces. Under these conditions, the larger and more
financially sound farms will be best able to cope with in-
ternational and competitive forces. Owners of farms that
do not have sufficient funds to withstand the changes in
the marketplace and still cover all operating costs may even-
tually be forced to consolidate with larger operations or
leave agricultural production altogether. However, the ini-
tial effects of the 1996 Farm Act may lead to reconsidera-
tion of Federal agricultural policies, and some aspects of
the 1996 legislation may eventually be revised.

Employment on many farms will most likely continue to
be characterized by low wages and lack of benefits. This,
combined with continuously rising agricultural productivity,
should translate into a further reduction in the workforce.
Employment of farmers, farm managers and farm workers are
all projected to decrease.

Employment declines resulting from growing productivity
and consolidations might be counterbalanced somewhat by
other changes taking place in the agricultural production in-
dustry. Dairy and other farms may increasingly turn to pro-
grams conducted by State and local governments that allow
farmers to sell the development rights to their property. This
immediately lowers the market value of the land and the prop-
erty taxes along with it, making farming more affordable. New

developments in marketing milk and other agricultural pro-
duce through farmer-owned and operated cooperatives hold
out promise for many in the agricultural production industry.
Also, demand for organic farm produce is increasing as con-
sumers become more conscious about the pesticides and fer-
tilizers used in conventional agriculture, allowing farms of
small acreage—which only 10 years ago appeared to have al-
most no future as working farms—to remain economically
viable.

Sources of Additional Information
For general information about academic programs and aquac-
ulture, contact:

» The Alternative Farming Systems Information Center
(AFSIC), 10301 Baltimore Ave., Room 304, Beltsville, MD
20705-2351. Internet: http://www.nal.usda.gov/afsic

For information about Community Supported Agriculture
and internships in organic farming, contact:

» The Biodynamic Farming and Gardening Association, Inc.,
Building 1002B, Thoreau Center, The Presdio, P.O. Box
29135, San Francisco, CA 94129-0135.

Internet: http://www.biodynamics.com

»  Appropriate Technology Transfer for Rural Areas, P.O. Box
3657, Fayetteville, AR, 72702. Internet:
http://www.attra.org/attra-pub/atmatlst. html#resource

For information on a career as a farm manager, contact:
»  American Society of Farm Managers and Rural Appraisers,
950 South Cherry St., #508, Denver, CO 80222.
Internet: http://www.agri-associations.org/asfmra
For information on the Land Link Program, contact:

» Center for Rural Affairs, P.O. Box 46, Walthill, NE 68067.

For information about State agencies that are involved in
the purchases of development rights of farmland, contact:

»  American Farmland Trust, 1200 18" Street, NW., Washing-
ton, DC 20036. Internet: http://www.farmland.org

Information on the following occupations may be found in
the 2000-01 Occupational Outlook Handbook:

® Farmers and farm managers

® Landscaping, groundskeeping, nursery, greenhouse, and
lawn service occupations '

® Bookkeeping, accounting, and auditing clerks
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Agricultrural Services

(SIC 07)

SIGNIFICANT POINTS N

About 40 percent of all agricultural service workers are employed in California, Florida, and Texas.

Entry-level jobs that can be learned on the job in less than a week—including animal caretak-

ers, farm workers, and landscaping, groundskeeping,

substantial portion of employment.

and nursery laborers—account for a

Nature of the Industry

The agricultural services industry is made up of several di-
verse segments that provide services to an equally diverse cli-
entele. Groups using services from the industry range from
agricultural producers seeking stronger financial returns to
their farmiand through skilled farm management, to individual
urban dwellers needing veterinary care for their pets, and ur-
ban and suburban businesses wishing to boost “curb appeal”
of their establishments through professional landscaping.
Many of the jobs in this industry require agricultural knowl-
edge or skills, but only about 30 percent of wage and salary
employment is directly related to the production of crops or
the raising of livestock.

Landscape and horticultural services, employing more than
1in 10 wage and salary workers in this industry, provide land-
scape planning and installation, landscape architecture, lawn
care, and grounds maintenance services. Customers range from
individual homeowners to large corporations and Federal,
State, and local governments.

Landscape architecture firms plan and design the develop-
ment of land for projects such as parks and other recreational
facilities, airports, highways, and commercial and residential
buildings. They prepare site plans showing landscape fea-
tures, locations of structures, and roads, walks, and parking
areas, as well as specifications and cost estimates for land de-
velopment. Landscape contracting firms actually carry out
the plans designed by landscape architecture establishments.
They develop a budget for the project in consultation with the
client, hire the manual laborers and provide any equipment
needed, and obtain the plants to be installed.

Landscaping, lawn maintenance, and groundskeeping
firms establish and maintain grounds, lawns, and gardens for
homeowners as well as governments, colleges and universi-
ties, real estate and land developers, and other private busi-
nesses. These firms are responsible for planting, mulching,
watering, fertilizing, mowing, and seeding lawns and
grounds; applying pesticides; installing turf and sod; and
pruning plants and trees. They also rake leaves, clear out-
door areas of debris, remove snow, and maintain outdoor
amenities and decorative features such as pools, fountains,
benches, and planters.

Veterinary services employ 1 in 5 wage and salary work-
ers in this industry and provide medical care for household
pets, horses, livestock, and zoo and sporting animals. The
majority of veterinary practices treat companion animals,
such as dogs and cats; some practices also treat pigs, goats,
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sheep, and some nondomestic animals. Veterinarians in such
practices diagnose animal health problems, vaccinate against
diseases such as distemper and rabies, medicate animals with
infections or illnesses, treat and dress wounds, set fractures,
perform surgery, and advise owners about feeding, behavior,
and breeding. A smaller number of veterinary practices focus
exclusively on large animals such as horses or cows, but may
care for all kinds of food animals. Large animal veterinarians
drive to farms or ranches to provide health services, with an
emphasis on preventive care, for herds or individual animals.
They test for and vaccinate against diseases, and consult with
farm or ranch owners and managers on production, feeding,
and housing issues. They also treat and dress wounds, set frac-
tures, perform surgery—including cesarean sections on
birthing animals.

Farm labor and management services is nearly equal in
employment size to veterinary services. Farm labor contrac-
tors or crew leaders provide and manage temporary farm la-
borers—often migrant workers—who usually work during peak
harvesting times. Contractors may place bids with farmers to
harvest labor-intensive crops such as fruit, nuts, or vegetables,
or perform other short-term tasks. Once the bid is accepted, the
contractor, or crew leader, organizes and supervises the labor-
ers as they harvest, load, move, and store the crops. Farm man-
agement services establishments guide and assist farm and ranch
land owners, farmers, and ranchers in maximizing the financial
returns to their land by managing the day-to-day activities nec-
essary to run a farming operation. Farm management services
usually negotiate with the landowner to receive a percentage of
any profit resulting from agricultural production on the land.
They may employ or contract with a tenant farmer to oversee
the actual crop or livestock production. '

Companies that provide soil preparation and crop services
plant, cultivate, and harvest crops by machine, employing just
over 12 percent of agricultural services workers. Because some
types of farm machinery are highly specialized and very ex-
pensive, farms that do not want to invest in machinery often
contract with these specialized firms to perform planting, har-
vesting, or other tasks. For example, farmers or farm manag-
ers might contract with crop services firms to do aerial dust-
ing and spraying of pesticides over a large number of acres.
Establishments in crop services also perform tasks to prepare
crops for market, including shelling, fumigating, cleaning,
grading, grinding, and packaging agricultural products.

Animal specialty services, except veterinary is the smallest
segment of the agricultural services industry, accounting for



just 5 percent of wage and salary employment. It is divided
into those establishments that provide livestock services and
those that provide services for pets, horses, and other animal
specialties. Nonfarm animal services include animal shelters,
boarding dog kennels and horse stables, dog grooming, and
animal training. Livestock services include firms that assist in
breeding and artificial insemination, do sheep dipping and
shearing, and provide herd improvement advice. Breeding
services usually monitor herd condition and nutrition; evalu-
ate the quality and quantity of forage; recommend adjustments
to feeding when necessary; identify the best cattle or other
livestock for breeding and calving; advise on livestock pedi-
grees; inseminate cattle artificially; and feed and care for sires.

Working Conditions

The agricultural services industry is attractive to people who
enjoy working outdoors or with animals. However, many
people in this industry work long hours, and farm operators,
managers, crew leaders, farm equipment operators, and farm
workers may work a 6- or 7-day week during the planting and
harvesting seasons. Workers in these establishments also rou-
tinely perform tasks that involve much physical exertion, of-
ten requiring strength and manual dexterity, and operate heavy
machinery.

Workers in veterinary and animal specialty services may have
to lift, hold, or restrain animals of all sizes, and risk being bit-
ten, kicked, or scratched. Evening, night, and weekend or holi-
day work is common, and some of the tasks of animal caretak-
ers, such as cleaning cages and lifting heavy supplies, may be
unpleasant and physically demanding. Many of the jobs in land-
scape and horticultural services are also physically demanding
and repetitive. Laborers do much bending, kneeling, and shov-
eling, and lift and move supplies as they plant shrubs, trees,
flowers, and grass and install decorative features.

Many workers in all segments of the agricultural services
industry risk exposure to insecticides, germicides, and other
potentially hazardous chemicals that are sprayed on crops and
plants or used to treat flea infestation or other conditions in
animals.

Also, much of the work in this industry is performed out-
doors in all kinds of weather, and adequate sanitation facili-
ties, including drinking water, may not always be available to
employees. Some farm workers and landscaping laborers must
also cope with the difficulty in obtaining year-round, full-time
employment because of the short-term or seasonal nature of
the work. They often must string together as many jobs as
possible. Workers also run the risk of injury when working
with planting and harvesting equipment, such as combines,
chain saws, and electric clippers. In 1997, the rate of injury
and illness in agricultural services was 7.9 per 100 full-time
workers, compared to 7.1 for all private industry.

1
998, the rapidly growing agricultural services industry
comprised just over 1 million wage and salary workers, and
about 450,000 self-employed workers. The following tabula-
tion shows the distribution of wage and salary employment
by industry segment:

Landscape and horticultural Services...................ooveevevoi.. 460,000
Veterinary services.............cccoouuvuvnn... 196,000
Animal services, except veterinary .................. 53,000
Agricultural services, not elsewhere classified ................... 296,000
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Few agricultural services esablishments employ
20 workers or more
Percent
66.2
I Establishments
[ Employment
21 245
183,198 183
155
4.0
1.2
1to4 5t09 10to 19 20t049 50+
Number of workers employed by establishment
Source: U.S. Department of Commerce, County Business Patterns, 1997

About 111,000 establishments employed these wage and
salary workers in 1997. Agricultural services establishments
are smaller than average—about 85 percent of the establish-
ments employed 9 or fewer workers, compared to about 75
percent of the establishments in all industries combined. In
addition, relatively few agricultural services firms employ 50
or more workers (chart).

The median age of agricultural services workers is 35,
nearly 4 years younger than the median for workers in all in-
dustries. This industry provides employment for many new
entrants to the labor market. In 1998, almost 23 percent of the
industry’s workers were between 16 and 24 years old. Nearly
50 percent were under age 35, compared to 39 percent of work-
ers in all industries combined—reflecting the high proportion
of seasonal and part-time job opportunities (table 1).

Nearly 40 percent of all agricultural services workers are
employed in California, Florida, and Texas. Other States with
a large number of agricultural services workers include Ari-
zona, Illinois, Pennsylvania, Ohio, and New York.

Table 1. Percent distribution of employment In the agricuitural
services industry by age group, 1998

Agricultural All
Age group services industries
Total .o 100.0 100.0
L2 R 93 54
20-24 ..... 13.7 9.5
25-34 ... 27.2 23.8
35-44 ...... 26.9 275
45-54 ...... 15.2 21.0
5564 ......... 6.0 9.8
65 and older 1.8 2.9

Occupations in the Industry

The agricultural services industry offers jobs in many occu-
pations requiring specialized skills or the ability to operate
agricultural and horticultural equipment (table 2).
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Workers in the landscaping, groundskeeping, nursery,
greenhouse, and lawn service occupations, employed largely
in landscape and horticultural services establishments, ac-
count for 34 percent of industry employment. Nursery and
greenhouse workers help to cultivate the plants used in land-
scaping projects by preparing nursery acreage or greenhouse
beds for planting, and watering, weeding, and spraying trees,
shrubs, and plants. They also prepare sod, trees, and other
plants for transport to landscaping sites. Landscape contrac-
tors coordinate and oversee the installation of trees, flowers,
shrubs, sod, benches, and other ornamental features. They
implement construction plans at the site, which may involve
grading the property, installing lighting or sprinkler systems,
and building walkways, terraces, patios, and fountains. Land-
scaping laborers install and maintain landscaped areas by
transporting and planting new vegetation; transplanting,
mulching, fertilizing, watering, and pruning plants; and mow-
ing and watering lawns. Some landscaping laborers, called
pruners, specialize in pruning, trimming, and shaping orna-
mental trees and shrubs, and others, called lawn service work-
ers, specialize in maintaining lawns and shrubs.
Groundskeeping laborers perform many of the same tasks as
landscaping laborers, but their duties are usually more var-
ied, and encompass snow, leaf, and debris removal, and up-
keep and repair of sidewalks, equipment, pools, fences, and
benches.

Landscape architects, also concentrated in the landscape
and horticultural services segment, plan and design the arrange-
ment of flowers, shrubs, trees, walkways, fountains and other
decorative features for parks, shopping centers, golf courses,
private residences, and industrial parks. They also perform
environmental impact studies.

Veterinarians provide health care, ranging from preventive
medicine to diagnosis and treatment of diseases or injuries,
for pets and farm or other animals. They also advise pet own-
ers about feeding, behavior, and breeding, and consult with
farm or ranch owners and managers on production, feeding,
disease prevention and eradication. Some inspect livestock at
public stockyards and at points of entry into the United States
to keep diseased animals out of the country or administer tests
for animal diseases, and conduct programs for disease con-
trol. Veterinary technologists and technicians usually work
under the supervision of a veterinarian and assist in providing
medical care to animals. They may prepare and administer
injections and medications; dress wounds; take vital signs;
prepare animals and instruments for surgery; and perform labo-
ratory tests. Veterinary assistants also aid veterinarians, but
are more involved in the basic care of animals, cleaning cages
and examining areas, feeding, changing water dishes, and
monitoring animals recovering from surgery.

Animal caretakers also provide basic care for animals, and
feed, water, bathe, groom, and exercise those under their charge.
Their duties may vary depending on the type of establishment
in which they work. For example, animal caretakers employed
in shelters keep records of the animals received and discharged,
answer questions from the public, and euthanize seriously ill or
unwanted animals, in addition to providing basic care. Animal
caretakers in stables saddle and unsaddle horses, give them rub-
downs, polish saddles, and store supplies and feed.

Animal breeders use their knowledge of genetics to select
and breed animals, either for show or improved performance or
nroguctivity. Responsibilities typically include the feeding,
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watering, and housing of breeding animals, and maintaining
weight, diet, and pedigree records.

Table 2. Employment of wage and salary workers In agricultural
services by occupation, 1998 and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ...........ccceeeevviiiinenennnnnne 1,005 100.0 245

Agriculture, forestry, and
fiIShING ettt 691 68.7 26.5
Landscaping, groundskeeping,
nursery, greenhouse, and lawn
service occupations .......ceeeeeeeeenennene 337 33.5 32.0
Farm workers .........ccoceveeereesuenunnnes ... 178 17.7 220
Animal caretakers, except farm ... 52 5.2 25.4

Veterinary assistants .........ccceceeeveeenes 44 4.4 28.7
Supervisors, farming, forestry, and
agricultural-related occupations ........... 27 2.7 27.3
Administrative support,
including clerical ...........coceenivinneenns 96 9.6 20.1
Receptionists and information
CIOTKS vovvenrerereererretssesssssissessernesnenesnenes 35 3.5 35.0
Secretaries ..........c...... w. 15 1.5 2.7

General office clerks 16 1.6 27.2

Bookkeeping, accounting, and

auditing CIBrks ........ccovevverereneeunneennes 16 1.6 3.8
Operators, fabricators, and
1aDOTErS ....cccee i 56 5.6 10.6
Helpers, laborers, and
material movers, hand...................... 28 2.8 6.5
Truck AriVErS .......oceeveeeeeceerciecnneenene 12 1.2 16.5
Professlonal speclaity ..............ccoeeeuunnenee 44 4.4 34.0
Veterinarians .........cceeecceeneeensrensnnnnnenne 34 3.4 36.4
Executive, administrative, and
managerial .........coeeveneinnnninecene 37 3.6 213
General managers and
tOP EXECULIVES ...ovvvvrerrrieteesieiesieaieeee 28 2.8 22.0
Technicians and related support ........... 35 3.5 16.2
Veterinary technologists and
tOChNICIANS ...cccveeveenneeenriniecreiiieeene 31 3.1 17.2
Precislon production, craft, and
TEPAIN ..ottt cste s sneeneneane 21 2.1 15.7
Mechanics, installers, and repairers.... 1 1.1 15.9
Marketing and sales ............ccceevereeenicens 17 1 29.6
SEIVICE ... eeee e sreeseetsssaesaereenes 8 0.8 13.2

Farm workers perform the manual labor required to plant,
cultivate, and harvest crops. Their duties vary with the sea-
son. Before seeding, they may prepare the soil by tilling and
fertilizing. Once the crops are partially grown, they may re-
turn to farms to cultivate fields, transplant, weed, or prune.
Often, they spray crops to control weeds, harmful insects, and
fungi. Some farms, such as those producing fruit or vegetables,
need large numbers of workers to harvest crops. After the
harvest, workers are needed to prepare produce for shipment.
Farm equipment operators drive the heavy machinery used to
mechanically harvest and combine crops.

Many of the farm workers in agricultural services contract
for employment with farm labor contractors, or crew leaders.
Crew leaders contract with farms to provide workers to per-
form what are often short-term, labor-intensive farm jobs, such
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as manually harvesting, loading, and moving vegetables. The
crew leader is also responsible for transporting the hired work-
ers to the fields or orchards, and for meeting Federal and State
regulations regarding the hiring of transient workers, includ-
ing paying a guaranteed minimum wage, payment for over-
time work, and collecting Social Security taxes. Crew lead-
ers, like the workers they hire and supervise, may practice
“follow-the-crop” migration, typically recruiting a crew in the
southern States, then moving north in a set pattern as crops
ripen. Others remain in a single locality.

Farm managers use their knowledge of agriculture and busi-
ness to make farming management decisions for landowners.
Managers may employ a farm operator or contract with a ten-
ant farmer to run the day-to-day activities involved in crop or
livestock production. Farm managers help select the type and
mix of crops; select practices for tillage and soil conservation
as well as methods of irrigation; purchase seed, pesticides, and
fertilizers; determine crop transportation and storage require-
ments; market the crops or livestock; oversee maintenance of
the property and equipment; recommend capital improvements;
and monitor operating expenses. Farm managers may also hire
and assign workers when needed, contract with other firms for
specialized services such as chemical spraying of crops, and
advise land owners about the purchase or sale of additional farm
lands. Managing an agricultural production operation is a so-
phisticated business, and farm managers use computers exten-
sively. Some also use cutting-edge technologies, such as the
Global Positioning System and remote sensing.

Training and Advancement .
The skills needed by workers in the agricultural services in-
dustry differ widely by occupation. The industry is character-
ized by an unusually high proportion of workers who have
not finished high school. These workers qualify for entry-
level positions as animal caretakers, farm laborers, and land-
scaping, groundskeeping, and nursery laborers, which require
little or no prior training or experience. The basic tasks asso-
ciated with many of these jobs usually can be learned in less
than a week, and most newly hired workers are trained on the
job. Training often is given under the close supervision of an
experienced employee or supervisor.

For jobs such as veterinarian, farm manager, and landscape
architect, a minimum of 4 years of formal postsecondary train-
ing are needed. Aspiring veterinarians generally complete 4
years of preveterinary study, including biology, chemistry,
physics, and calculus, before embarking on'4 years of veteri-
nary medical school. They must graduate with a Doctor of
Veterinary Medicine degree and obtain a license to practice.
Prospective landscape architects must complete a professional
program in landscape architecture, and be registered or licensed
before they may practice in most States. Farm managers usu-
ally obtain a bachelor’s degree in a business-related field with
a concentration in agriculture. A degree in an agricuiture-
related discipline with an emphasis on business courses, such
as marketing and finance, is also good preparation. Many
States require farm managers to carry a real estate license.
Although accreditation is not mandatory, farm managers may,
after several years of experience and meeting established stan-
dards, obtain the designation Accredited Farm Manager
through the American Society of Farm Managers and Rural
Appraisers. College training and professional licensing may
also be required for many other jobs in agricultural services,
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such as grounds manager and landscape contractor. Schools
of agriculture are found at many State universities and all State
land grant colleges. They offer a variety of programs at the
bachelor’s, master’s, and doctoral levels.

Community colleges and vocational schools also offer an
array of programs for people interested in various agricul-
tural services occupations—for example, animal breeder and
farm equipment operator. Many employers prefer previous
work experience, combined with vocational certification or
a 2-year degree. Many States have licensing requirements
for veterinary technologists, which include 2 years of col-
lege-level study in an accredited veterinary technology pro-
gram culminating in an Associate in Applied Science or re-
lated degree, and passing an examination before being al-
lowed to fully assist veterinarians.

Opportunities for advancement for agricultural services work-
ers vary by occupation. Farm workers have limited opportuni-
ties for advancement, but experienced and highly motivated la-
borers may move into positions as farm labor contractors or crew

leaders. Likewise, landscaping, lawn service, and groundskeeping

laborers may advance to supervisory positions after gaining ex-
perience, or become a manager of a lawn service firm. Some
become self-employed landscape or lawn service contractors, but
such positions often require additional formal training. Although
many top-level managerial and professional jobs—especially in
small companies—are filled by promotion from within, techno-
logical innovations in agronomy and animal husbandry have made
postsecondary education advantageous for career advancement
in agricultural services.

Earnings
Average earnings in the agricultural services industry are rela- .
tively low—nonsupervisory workers averaged $9.95 an hour
in 1998, compared to $12.77 an hour for workers throughout
private industry. Nonsupervisory workers in landscape and
horticultural services eamed somewhat more than other agri-
cultural services workers.

Earnings can vary greatly during the year, depending on
the season. Many workers in this industry find work only in
the growing or harvesting seasons and are unemployed or work
in other jobs during the rest of the year. Nearly 18 percent
worked part-time in 1998, compared to the industry average
of 15.9 percent. Part-time workers are less likely to receive
employer-provided benefits. Earnings in selected occupations
in agricultural services in 1997 appear in table 3.

According to a survey by the American Veterinary Medi-
cal Association, veterinarians in private clinical practice earned
an average income of $76,360 in 1997, and first-year veteri-
nary school graduates entering private clinical practice had
average starting salaries of $36,724.

Union membership in the agricultural services industry is
far below the average for all industries. In 1998, less than 2
percent of all agricultural services workers were union mem-
bers or were covered by union contracts, compared to 15.4
percent of workers in all industries.

Outlook

Wage and salary jobs in agricultural services are projected to
increase 25 percent through the year 2008. In addition, nu-
merous job openings will arise from the need to replace work-
ers who leave the industry every year. Much of the work in
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entry-level jobs, which account for a substantial portion of all
jobs in the industry, is physically demanding and low paying,
making it unattractive for workers over the long term. Turn-
over is very high among landscaping and groundskeeping la-
borers, nonfarm animal caretakers, and farm workers, reflect-
ing the seasonal and part-time nature of the work as well as
the low pay and high physical demands.

Table 3. Median hourly earnings of the largest occupations in
agricultural services, 1997

Agricultural

Occupation services All industries
Veterinarians and veterinary inspectors ......... $23.56 $23.97
General managers and top executives ........... 17.91 26.05
First line supervisors and mangers/

supervisors-agricultural, forestry,

fishing, and related workers ...................... 12.02 12.94
Veterinary technicians and technologists . 9.23 9.27
Receptionists and information clerks .............. 7.70 8.69
Laborers, landscaping and

groundskeeping ........c.coeeiuneniiiuenseesnneens 7.69 8.08
Veterinary assistants...................... 7.57 7.57
Animal caretakers, except farm 6.57 6.97
Graders and sorters, agricultural products ..... 5.70 6.20
Farmworkers, food and fiber crops ................. 5.65 5.66

The agricultural services industry grew very rapidly dur-
ing the 1980s and first half of the 1990s, with all segments of
the industry experiencing employment increases. Job growth
was fueled by especially strong increases in two of the largest
segments—Ilandscaping and horticultural services, and veteri-
nary services. Although demand for agricultural services is
expected to remain strong, the rate of employment growth is
expected to slow over the 1998-2008 period.

Employment gains in landscaping and horticultural services
are tied, in part, to the level of new construction. Construc-
tion activity tends to vary depending on the health of the overall
economy. Over the long run, the construction industry is ex-
pected to grow, though at a slower rate than over the previous
10-year period. Federal, State, and local government budget
constraints may also limit demand for services to beautify and
care for grounds surrounding public buildings. Nevertheless,
employment outlook should remain bright. Individuals and
businesses are expected to increasingly recognize the value of
maintaining and renovating existing landscaping and grounds.
As businesses compete to attract customers, enhancing curb
appeal by investing in landscaping and lawn services will be-
come an increasingly important marketing method. A grow-
ing number of homeowners continue to use lawn maintenance
and landscaping services to enhance the beauty of their prop-
erty and to conserve leisure time. Additionally, many land
developers and builders who face complex environmental
regulations and land-use zoning issues are turning to land-
scape architecture firms for help in planning sites and inte-
grating buildings and other structures into the natural envi-
ronment. Overall concern about environmental issues and a
growing appreciation for nature will add to the desire for more
professional landscaping and horticultural services.

Employment gains in veterinary services, partially attrib-
utable to increases in the number of pet owners, are also ex-
pected to slow slightly as the pet population grows more slowly
during the projection period. Slowdowns will be tempered as
new technology and better marketing of nontraditional pet
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medical services, such as preventive dental care, expand the
treatment provided for individual animals.

Nonfarm animal services, except veterinary, should also be
affected by slowing trends in pet population growth. However,
pet owners are expected to increasingly take advantage of
grooming services and daily and overnight boarding services.

Expect slower employment growth of the farm-related ag-
ricultural services—crop services, soil preparation services,
farm labor and management services, and livestock ser-
vices—that are linked to the health of the agricultural pro-
duction industry. When agricultural producers face difficult
times, such as the recent economic downturns in some Asian
countries that reduced the demand for exports of agricul-
tural products from the United States, the demand for farm-
related agricultural services also drop. Over the long-run,
however, overall employment should slowly increase.
Growth in the animal population, emphasis on scientific
methods of breeding and raising livestock and poultry, and
continued support for public health and disease control pro-
grams, will contribute to the demand for farm-related vet-
erinary and livestock animal services. Agricultural produc-
ers and farm managers should continue to turn to farm labor
contracting services to ease their responsibility for meeting
labor requirements for workers who are only needed on a
temporary basis. Mechanization of the industry is largely in
place and food needs will continue to grow as the popula-
tion increases. However, agricultural producers are expected
to continue to produce more with less labor. The dominance
of large producers, food companies, and agribusiness, along
with farms that are growing in average size, allows the use
of state-of-the-art, more efficient farming practices and tech-
nologies, leading to slower demand for contracting services.

Sources of Additional Information
For general information about agricultural and farming occu-
pations, contact:

» National Association of State University and Land Grant
Colleges, One Dupont Circle NW.,, Suite 710, Washington,
DC 20036-1191.

For information on careers in landscaping and-horticulture,
contact:

» Associated Landscape Contractors of America, Inc., 150
Eldon St., Suite 270, Herndon, VA 20170.

» American Society of Landscape Architects, 4401 Connecticut
Ave. NW.,, Suite 500, Washington, DC 20008.
Internet: http:/www.asla.org/asla

» Professional Grounds Management Society, 120
Cockeysville Rd., Suite 104, Hunt Valley, MD 21030.

For information on careers in veterinary science, send a
self-addressed, stamped envelope to:

» American Veterinary Medical Association, 1931 N.
Meacham Rd., Suite 100, Schaumburg, IL 60173-4360.

For information on careers in animal specialty services,
contact:

» National Association of Animal Breeders, 401 Bernadette
Dr., P.O. Box 1033, Columbia, MO 65205-1033.
Internet: http://www.naab-css.org
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For a list of State-licensed dog grooming schools, send a Information on these occupations may be found in the
self-addressed, stamped envelope to: 2000-01 Occupational Outlook Handbook:

» National Dog Groomers Association of America, P.O. Box

101, Clark, PA 16113. ® Farmers and farm managers
® Landscape architects
o

For information on careers in farm management, contact: Landscaping, groundskeeping, nursery, greenhouse,

>  American Society of Farm Managers and Rural Appraisers, and lawn service occupations
950 S. Cherry St., Suite 508, Denver, CO 80222. ® Veterinarians )
Internet: http://www.agri-associations.org ® Veterinary assistants and nonfarm animal caretakers
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Construction

(SIC 15, 16, 17)

SIGNIFICANT POINTS ,

Construction is one of the economy’s largest industries.

Over 8 out of 10 establishments employ fewer than 10 people.
Construction has a very large number of self-employed workers.
Job prospects for construction workers are expected to be good.

Workers in construction have relatively high hourly earnings.

Nature of the Industry

Houses, apartments, factories, offices, schools, roads, and
bridges are only some of the products of the construction
industry. This industry’s activities include work on new struc-
tures as well as additions, alterations, and repairs. (Some
government establishments do the same work and employ a
significant number of people, but information about them is
not included in this statement. Information concerning gov-
ernment construction is included in the Career Guide state-
ments on Federal Government and State and local govern-
ment, excluding education and hospitals.)

The construction industry is divided into three major seg-
ments: General building contractors, heavy construction
contractors, and special trade contractors. General build-
ing contractors build residential, industrial, commercial,
and other buildings. Heavy construction contractors build
sewers, roads, highways, bridges, tunnels, and other
projects. Special trade contractors are engaged in special-
ized activities such as carpentry, painting, plumbing, and
electrical work.

Construction is usually done or coordinated by general
contractors, who specialize in one type of construction such
as residential or commercial building. They take full re-
sponsibility for the complete job, except for specified por-
tions of the work that may be omitted from the general con-
tract. Although general contractors may do a portion of
the work with their own crews, they often subcontract most
of the work of the construction to heavy construction or
special trade contractors.

Special trade contractors usually do the work of only one
trade, such as painting, carpentry, electrical work, or two or
more closely related trades, such as plumbing and heating or
plastering and lathing. Beyond fitting their work to that of
the other trades, they have no responsibility for the structure
as a whole. They obtain orders for their work from general
contractors, architects, or property owners. Repair work is
almost always done on direct order from owners, occupants,
architects, or rental agents.

Working Conditions

Most workers in this industry work full time, many over 40
hours a week. In 1998, more than 1 in 5 wage and salary
construction workers worked 45 hours or more a week; over
hnl&nf self-employed individuals worked over 45 hours a
ERIC
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week. Construction craftsworkers may sometimes work
evenings, weekends, and holidays to finish a job or take
care of an emergency.

Construction workers need sufficient physical stamina be-
cause work frequently requires prolonged standing, bending,
stooping, and working in cramped quarters. Exposure to
weather is common because much of the work is done outside
or in partially enclosed structures.

Construction workers often work with potentially danger-
ous tools and equipment amidst a clutter of building materi-
als; some work on temporary scaffolding and in bad weather.
Consequently, they are more prone to injuries than workers in
other jobs. In 1997, cases of work-related injury and illness
were 9.5 per 100 full-time workers, which is significantly
higher than the 7.1 rate for the entire private sector. Workers
who do roofing, masonry, stonework, and plastering experi-
enced the highest injury rates. In response, employers increas-
ingly emphasize safe working conditions and work habits that
reduce the risk of injuries.

Employment

Construction, with 6 million wage and salary and 1.6 million
self-employed nongovernment jobs in 1998, was one of the
Nation’s largest industries.

About 1 out of 5 jobs were with special trade contractors,
primarily plumbing, electrical, and masonry contractors. Al-
most 2 out of 3 jobs were with general building contractors,
mostly in residential and nonresidential construction. The rest
were with road and other heavy construction contractors (table
1). Employment in this industry is distributed geographically
in much the same way as the Nation’s population; the concen-
tration of employment is generally in industrialized and highly
populated areas.

There were about 667,000 construction companies in the
United States in 1997: 197,091 were general contractors and
operative builders; 37,701 were heavy construction or high-
way contractors; and 431,877 were specialty trade contrac-
tors. Most of these establishments tend to be small, the ma-
jority employing fewer than 10 workers (chart). About 8 out
of 10 workers are employed by small contractors.

Construction offers more opportunities than most other in-
dustries for individuals who desire to own and run their own
business. The 1.5 million self-employed and unpaid family
workers in 1998 performed work directly for property owners
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or acted as contractors on small jobs, such as additions, re-
modeling, and maintenance projects. The large majority of
self-employed work in the construction trades. The rate of
self-employment varies greatly by individual occupation in
the construction trades (see chart on next page).

Table 1. Nongovernment wage and salary employment in
construction, 1998

(Employment in thousands)

1998-2008
1998 Percent
Employment change
Total ...t 5,985 9.2
General building contractors ................ 1,372 7.6
Residential building construction 700 11.3
Operative builders ............cccoceeveererevennne. 27 -3.7
Nonresidential building construction ...... 646 41
Heavy construction contractors ............ 838 49
Highway and street construction ............ 253 10.2
Heavy construction, except highways ...... 585 2.6
Special trade contractors ....................... 3,774 10.7
Plumbing, heating, and
air-conditioning ..........ccceeeererreneereernnene 827 10.2
Painting and paper hanging . 204 8.9
Electrical work ...........cccoeeveeereernneneruerenne 727 12.2
Masonry, stonework, and plastering ...... 499 9.3
Carpentering and floor work ................... 274 9.7
Roofing, siding, and sheet metal work ....... 250 12.3
Concrete WOrk .........coceeeeeercenenenernesenees 327 7.7
Water well drilling ..........cccceeveveeeneneennne. 23 135
Miscellaneous special trade ................... 644 12.7

Occupations in the Industry

Work in construction offers a great variety of career opportu-
nities. People with many different talents and educational
backgrounds—managers, clerical workers, skilled
craftsworkers, semiskilled workers, and laborers—find job
opportunities in construction and related activities (table 2).

Most construction establishments employ fewer
than 10 people
Percent
833 I Establishments
(] Employment
|ﬂ
25.1
17.7 s 16.0
12.3 3 109
J| M
1to4 5t9 10to 49 50to0 249 250+
Number of workers employed by establishment
Source: U.S. Department of Cc , County Busir Patterns, 1997
|

Table 2. Employment of nongovernment wage and salary
workers in construction by occupation, 1998 and projected
change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations .............cccocevvevevneveennnnne 5985 100.0 9.2
Precision production, craft, and
PEPAIN ...ttt ereeeene 3,319 55.5 115
Carpenters ... .. 567 9.5 7.8
Electricians ... vereeeeene 387 6.5 14.4
Blue collar worker supervisors........... 293 49 16.0
Plumbers, pipefitters, and
steamfitters ........cccecevveeverveecnennnn, 254 4.3 6.5
Construction equipment operators ... 185 3.1 9.7
Painters and paperhangers................ 173 29 125
Heating, air conditioning, and
refrigeration mechanics and
installers .........cccevvveveeneeneenrenrnnne 144 24 18.3
Cement masons, concrete finishers,
and terrazzo workers ................... 126 21 7.0
Shest metal workers and
duct installers ...........c.c...... 122 2.0 25.9
Drywall installers and finishers 118 2.0 9.2
Bricklayers and stone masons.......... 110 1.8 16.9
ROOSOIS ...ccceeneeneecreeneeeneeceeneesneesensneee - 107 1.8 6.9
Machinery mechanics, installers,
and repairers .............eeeeeeeeenvene 82 1.4 7.4
Structural and reinforcing metal
WOTKBFS .....ocverreerecrenescenrensesneeeseens 77 1.3 7.7
Insulation workers ..........c.cccceveerrrennene 58 1.0 8.4
Operators, fabricators, and laborers .... 1,142 19.1 6.7
Helpers, construction trades ............. 537 9.0 7.5
All other helpers, laborers, and
material movers, hand ................. 289 4.8 -1.0
Truck drivers ..........c.coceeveeeeeeevreseenens 136 2.3 10.6
Excavation and loading machine
(o] oT=T1: 1 (o £ TR 75 1.3 226
- Executive, managerial, and
administrative ...............ccccecereveceennnn. 636 10.6 9.6
General managers and
top executives .........ccceceeveeceereene 257 4.3 7.7
Construction managers ..................... 188 3.2 12.4
Cost estimators............ccccvverrrecevennnne 89 15 12.9
Financial managers .............c.cceeeveneee a4 0.7 41
Administrative support, including
clerical ..........coeieiiiiiieircenene e 536 9.0 -1.5
General office clerks .. 152 2.6 12.0
Secretaries...........ccoveveererevenenenrerennns 145 24 1.7
Bookkeeping, accounting, and
auditing clerks ...........ccceeerervernenne 132 2.2 -9.6
Agriculture, forestry, fishing, and
related ..............cooceveveinrenecreee e 144 24 10.1
Laborers, landscaping and
groundskeeping.........ccccceeeeerereenes 143 2.4 10.1
Marketing and sales ...............c.ccceunuen. 97 1.6 13.3
AN other Gecupations ..., 111 19 9.8

Most of the workers in construction are skilled
craftsworkers or laborers, helpers, and apprentices who as-
sist the more skilled workers. These groups represent 75
percent of the industry’s employment; over 56 percent are
construction craftsworkers. Construction craftsworkers are
generally classified as either structural, finishing, or mechani-
cal workers. Structural workers include carpenters, operat-
ing engineers (construction machinery operators), bricklay-
ers, cement masons, stonemasons, and reinforcing metal

ERIC

Aruitoxt provided by Eic:

22

.29



Many construction occupations have a substantial
percentage of self-employed workers

Insutation workers
Electricians

Glaizers

Plasterers and stucco masons

Plumbers, pipefitters, and
steamfitters

Drywall installers

Bricklayers, blockmasons,
and stonemasons

Roofers
Carpenters
Tile setters, hard

Painters and paperhangers

Carpet installers

i
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Percent of total employment

workers. Finishing workers include lathers, plasterers,
marble setters, terrazzo workers, carpenters, ceiling install-
ers, drywall workers, painters, glaziers, roofers, floor cover-
ing installers, and insulation workers. Mechanical workers
include plumbers, pipefitters, construction electricians, sheet
metal workers, and heating, air-conditioning, and refrigera-
tion technicians.

The greatest number of construction craftsworkers worked
as carpenters, electricians, plumbers, pipefitters, painters,
concrete and terrazzo workers, bricklayers, and drywall in-
stallers. The construction industry employs nearly all of the
workers in some construction craft occupations—such as

_ plasterers, roofers, structural metal workers, and drywall in-
stallers. In other construction crafts occupations—for ex-
ample, electricians, painters and paperhangers, plumbers, and
carpet installers—large numbers also work in other indus-
tries (table 3). Other industries employing large numbers of
construction craftsworkers include transportation equipment
manufacturing, transportation and public utilities, wholesale
and retail trade, educational services, and State and local
government. '

Many persons enter the construction crafts through appren-
ticeship programs. These programs offer on-the-job training
under the close supervision of a craftsperson, as well as some
formal classroom instruction. Depending on the trade, ap-
prentices learn a variety of skills, ranging from laying brick to
putting together steel beams.

Many persons advance to construction craft occupations
from related, less skilled jobs as helpers or laborers. They
acquire skills while they work. They are first hired as labor-
ers or helpers, performing a variety of unskilled tasks and
providing much of the routine physical labor needed in con-
struction. They erect and dismantle scaffolding, clean up
debris, help unload and carry materials and machinery, and
operate simple equipment. They work alongside experienced
craftsworkers, learning the basic skills of a particular craft.
After acquiring experience and skill in various phases of the
craf&l they may become skilled journey level craftworkers.
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To develop their skills further after training, construction
craftsworkers may work on many different projects, such as
housing developments, office and industrial buildings, or
highways, bridges, and dams. Flexibility and a willingness
to adopt new techniques, as well as the ability to get along
with people, are essential for advancement. Those skilled in
all facets of the trade and who show good leadership quali-
ties may be promoted to supervisor. As supervisors, they
oversee craftsworkers and helpers and insure work is done
well. They plan the job and solve problems as they arise.
Those with good organizational skills and exceptional su-
pervisory ability may advance to superintendent. Superin-
tendents are responsible for getting a project completed on
schedule by working with the architect’s plans, making sure
materials are delivered on time, assigning work, overseeing
craft supervisors, and making sure every phase of the project
is completed properly and expeditiously. They also resolve
problems and see to it that work proceeds without interrup-
tions. Superintendents may advance to large projects as gen-
eral managers and top executives. Some go into business for
themselves as contractors.

Table 3. Percent of wage and salary workers in construction
craft occupations employed In the construction industry, 1998

Occupation Employed
ROOfBIS ....euvniiiiieecie e 99.6
Drywall installers and finishers .... 97.2
Bricklayers and stone masons..... 96.8
Plasterers and stucco masons ................ 96.6
Cement masons, concrete finishers,

and terrazzo workers ............ccecceeeuenneen. 95.6
Insulation workers 90.2
Carpenters .......cccoveeeeereeeeeerenneesiesisne s 78.4
Plumbers, pipefitters, and steamfitters ... 74.1
Carpet, floor, and tile installers and

TOPAIFEIS .....coceeeeneiinetrceeeeeesrecnenneeeanne 73.8

Structural and reinforcing metal workers ... 69.8
ElCHrCIaNS .....c.cccveeeeereneecrrencneieisnninsnens 65.8
GIAZIBIS ....cocervvennecerenereerneanses 64.7
Painters and paperhangers 64.6

Other workers in the construction industry operate mate-
rial-moving machines and other construction equipment. Such
workers include operating engineers; grader, bulldozer, and
scraper operators; and paving, surfacing, and tamping equip-
ment operators. They move construction debris, earth, and
other heavy materials, and apply asphalt and concrete to roads
and other substructures. They may also set up and inspect
equipment, make adjustments, and perform minor repairs.

Training and Advancement

Persons may enter most jobs in the construction industry with-
out any formal classroom training after high school. Labor-
ers can learn their job in a few days, but the skills required for
many jobs are substantial, although they can usually be learned
on the job. Skilled workers such as carpenters, bricklayers,
plumbers, and other construction trade specialists either need
several years of informal on-the-job experience, or appren-
ticeship training. Workers pick up skills by working along-
side more experienced workers, and through instruction pro-
vided by their employers. As they demonstrate their ability to
perform tagséhey are assigned, they move to progressively



more challenging work. As they broaden their skills, they are
allowed to work more independently, and responsibilities and
earnings increase. They may qualify for jobs in related, more
highly skilled, occupations. For example, after several years
of experience painters’ helpers may become journey level
painters.

Apprenticeships administered by local employers, trade
associations, and trade unions provide the most thorough train-
ing. Apprenticeships usually last between 3 and 5 years and
consist of on-the-job training and 144 hours or more of re-
lated classroom instruction. A number of apprenticeship pro-
grams are beginning to use competency standards instead of
just time requirements. This allows a more competent person
to complete the program in a shorter amount of time. Those
who enroll in apprenticeship programs usually are least 18
years old and in good physical condition.

Persons can enter the construction industry with a vari-
ety of educational backgrounds. Those entering construc-
tion right out of high school start as laborers, helpers, or
apprentices. Those who enter construction from technical
or vocational schools may also go through apprenticeship
training; however, they progress at a somewhat faster pace
because they already have had courses such as mathemat-
ics, mechanical drawing, and woodworking. Skilled
craftsworkers may advance to supervisor or superintendent
positions, or may transfer to jobs as construction building
inspector, purchasing agent, sales representative for build-
ing supply companies, contractor, and technical or voca-
tional school instructor.

Executive, administrative, and managerial personnel usu-
ally have a college degree or considerable experience in their
specialty. Individuals who enter construction with college
degrees usually start as management trainees or construction
managers’ assistants. Those who receive degrees in construc-
tion science often start as field engineers, schedulers, or cost
estimators. College graduates may advance to positions as
assistant manager, construction manager, general superinten-
dent, cost estimator, construction building inspector, general
manager or top executive, contractor, or consultant. Although
a college education is not always required, administrative jobs
are usually filled by people with degrees in business adminis-
tration, finance, accounting, or similar fields.

Opportunities for workers to form their own firms are bet-
ter in construction than in many other industries. Construc-
tion workers need only a moderate financial investment to
become contractors and they can run their businesses from
their homes, hiring additional construction workers only as
needed for specific projects. The contract construction field,
however, is very competitive, and the rate of business failure
is high.

Earnings

Earnings in construction are significantiy higher than the
average for all industries (table 4). In 1998, production or
nonsupervisory workers in construction averaged $16.56
an hour, or about $643 a week. Average earnings of work-
ers in the special trade contractors segment were somewhat
higher than those working for building or heavy construc-
tion contractors.

Eamings of workers in the construction industry vary
largely depending on education and experience of the worker,
type of work, the size and nature of the construction project,

its geographic location, and economic conditions. Earnings
of construction trade workers are also often affected by poor
weather. Traditionally, winter is the slack period for construc-
tion activity, especially in colder parts of the country. Some
workers, such as laborers or roofers, may not work for several
months. Heavy rain may also slow or even stop work on a
construction project. Because construction trades are depen-
dent on one another—especially on large projects—work de-
lays in one trade delay or stop the work in another. Earnings in
selected occupations in construction in 1997 appear in table 5.

Table 4. Average weekly and hourly earnings by nongovernment
construction industry sector, 1998

Industry segment Waeekly Hourly
Total, private Industry ...............ccceueeeeeee. $442 $12.77
Construction Industry ................c.ceueuee. 643 16.56
General building contractors ............... 602 15.87
Residential building contractors 543 14.83
Operative builders ..........ccoueuvevereunnune 573 15.17
Nonresidential building contractors ...... 665 16.91
Heavy construction, except building .... 683 16.15
Highway and street construction .......... 696 16.22
Heavy construction, except highway ..... 679 16.12
Speclal trade contractors ...................... 646 16.90
Plumbing, heating, and
air conditioning .........coceeeeereerseieniennnnnns 674 17.16
Painting and paper hanging .... 562 15.22
Electrical work .........coceveevvuirurnne 732 18.40
Masonry, stonework, and plastering..... 601 16.73
Carpentry and floor work ..............c....... 596 16.46
Roofing, siding, and sheet metal work ..... 509 14.74

About 20 percent of all workers were union members or
were covered by union contracts, compared to 15.4 percent of
workers throughout private industry. Many different unions
represent the various construction trades and form joint ap-
prenticeship committees with local employers to supervise ap-
prenticeship programs.

Outlook

Employment of wage and salary jobs in the construction in-
dustry is expected to grow about 9 percent through the year
2008, slower than the average for all industries. Overthe 1998-
2008 period, employment growth is projected to add about
550,000 new jobs in construction. Many openings will also
result each year from the need to replace experienced workers
who leave jobs in the industry.

Employment in this industry depends primarily on the level
of construction and remodeling activity. New construction is
usually cut back during periods when the economy is not ex-
panding, and the number of job openings in construction fluc-
tuates greatly from year to year. Employment growth in the
various segments of the construction industry varies some-
what, depending on the projected demand for what the indus-
try is hired to construct.

Employment in residential construction is expected to
grow slowly because the anticipated slowing of population
growth and household formation will reduce the demand for
new housing units. The aging of the population will reduce
the demand for larger single-family homes. In addition,
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higher home prices will make ownership less affordable.
Slow employment growth is also expected in nonresidential
construction, because the demand for commercial buildings
will be lessened by technological trends favoring
telecommuting, electronic shopping, home offices, telecon-
ferencing, and globalization of information services, as well
as business management practices in downsizing, temporary
workforces, and inventory reduction. Industrial construc-
tion, however, is expected to be stronger because exports by
the manufacturing sector of the economy are expected to
increase. Replacement of many industrial plants has been
delayed for years, and a large number of structures will have
to be replaced or remodeled. Construction of nursing, con-
valescent homes, and other extended care institutions will
also increase for several reasons: The aging of the popula-
tion, the increasing use of high technology medical treat-
ment facilities, and the need for more drug treatment clinics.
Construction of schools will also increase to accommodate
the children of the “baby-boom” generation.

Table 5. Median hourly earnings of the largest occupations In
construction, 1997

Heavy
General  construction, Special
building except trade All

Occupation contractors  buildings contractors industries
General managers

and top executives.... $28.12 $30.33 $24.18 $26.05
Construction managers.. 21.13 2227 21.44 21.95
First-line supervisors and

managers/supervisors-

construction trades

and extractive

occupations ............... 18.32 18.28 17.77 18.28
Electricians ........c.ccccou.... 14.42 16.97 16.10 16.54
Plumbers, pipéefitters,

and steamfitters ........ 14.67 156.55 16.02 16.14
Carpenters.........ccceeeeeeee 13.21 15.49 14.33 13.38
Secrataries, except legal

and medical................ 10.17 10.27 9.41 11.00
Helpers, carpenters and

related workers ......... 8.92 9.35 9.36 9.16
General office clerks ...... 8.88 9.06 8.80 9.10
Painters and

paperhangers,

construction and

maintenance ............. 10.94 —_ 11.59 11.59

Employment in heavy construction is projected to increase
about as fast as the industry average. Growth is expected in
highway, bridge, and street construction, as well as repairs to
prevent further deterioration of the Nation’s highways and
bridges. Bridge construction is expected to increase the fast-
est due to the serious need to repair or replace structures be-
fore they become unsafe. Poor highway conditions will also
result in increased demand for highway maintenance and re-
pair. Congress recently passed a six-year public works bill
designed to provide money for such construction projects, in-
cluding building mass transit systems.

Employment in special trades contracting, the largest seg-
ment of the industry, should grow a little faster than the en-
tire construction industry. Demand for special trades sub-
contractors in building and heavy construction is rising, and
at the same time, more workers will be needed to repair and
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remodel existing homes. Home improvement and repair con-
struction is expected to continue to grow faster than new
home construction. Remodeling should be the fastest grow-
ing sector of the housing industry because of a growing stock
of old residential and non-residential buildings. Many
“starter” units will be remodeled to appeal to more affluent,
space and amenity hungry buyers. Also, some of the trade-
up market may result in remodeling and additions rather than
new larger homes. Remodeling tends to be more labor-in-
tensive than new construction.

Employment growth will differ among various occupa-
tions in the construction industry. Employment of construc-
tion managers is expected to grow as a result of advances in
building materials and construction methods, as well as a
proliferation of laws dealing with building construction,
worker safety, and environmental issues. Construction man-
agers with a bachelor’s degree in construction science with
an emphasis on construction management, and who acquire
work experience in construction management services firms,
should have an especially favorable job outlook. Adminis-
trative support occupations are expected to decline due to
increased office automation.

Although employment in construction trades is expected
to grow about as fast as the industry average, the rate of growth
will vary among the various trades. Employment of bricklay-
ers, electricians, sheet metal workers and duct installers, paint-
ers, and heating, air-conditioning, and refrigeration technicians
should grow faster than the industry average because techno-
logical changes are not expected to offset employment de-
mand as construction activity grows. Employment of car-
penters; cement masons, concrete finishers, and terrazzo
workers; plumbers; and structural metal workers is expected
to grow somewhat more slowly than average because the
demand for these workers is expected to be offset by a greater
use of new materials and equipment. For example, increas-
ing use of prefabricated components in residential construc-
tion is expected to reduce the demand for carpenters.

Many industry sources feel job opportunities are excellent
in most construction crafts because there are shortages of
skilled workers and adequate training programs. The short-
age situation may worsen between 1998 and 2008 because the
pool of young workers available to enter training programs
will be increasing slowly, and many in that group are reluc-
tant to seek training for jobs that may be strenuous and have
uncomfortable working conditions.

Sources of Additional Information
Information about apprenticeships and training can be obtained
from local construction firms and employer associations, the
local office of the State employment service or State appren-
ticeship agency, or the local office of the Bureau of Appren-
ticeship and Training, U.S. Department of Labor.

For additional information on jobs in the construction in-
dustry, contact:

» Associated Builders and Contractors, 1300 North 17th St.
NW.,, Rosslyn, VA 22209.

» Associated General Contractors of America, Inc., 1957 E St.
NW., Washington, DC 20005.

» National Association of Home Builders, 15th and M Sts.
NW., Washington, DC 20005.
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Additional information on occupations in construc-

tion may be found in the 2000-01 Occupational Outlook

Handbook:

® Bricklayers and stonemasons

'®  Carpenters

® Carpet, floor, and tile installers and finishers

® Cement masons, concrete finishers, and terrazzo
workers

® Construction and building inspectors

® Construction equipment operators

® Construction managers

® Drywall installers and finishers

O
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Electricians

Glaziers

Handlers, equipment cleaners, helpers, and laborers
Heating, air-conditioning, and refrigeration mechanics
and installers

Insulation workers

Material moving and equipment operators

Painters and paperhangers

Plasterers and $tucco masons

Plumbers, pipefitters and steamfitters

Roofers

Sheet metal workers and duct installers

Structural and reinforcing metal workers
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Mining and Quarrying

(SIC 10, 12 and 14)

SIGNIFICANT POINTS

Technological innovations, environmental regulations, and international competition will

®

continue to reduce employment in mining and quarrying.

Most production jobs require little or no formal education or training beyond high school.
® Earnings are higher than average.

Nature of the Industry

Throughout history, mining has played an important part in
the development of the United States. In the past, the discov-
ery of minerals such as gold and silver has resulted in popula-
tion shifts and economic growth. Extraction of minerals, such
as coal and copper, continues to provide the foundation for
the local economy in some parts of the country. Products of
this industry are used as inputs for products, processes, and
services provided by all other industries, including agricul-
ture, manufacturing, transportation, communications, and con-
struction. Such uses include coal for energy, copper for wir-
ing, gold in satellites and sophisticated electronic components,
and a variety of other minerals used as ingredients in medi-
cines and household products.

Besides the mining and quarrying of coal and metallic and
nonmetallic minerals, employers in this industry explore for
minerals and develop new mines and quarries. Metallic min-
erals include ores, such as bauxite—from which aluminum is
extracted—copper, gold, iron, lead, silver, and zinc. Nonme-
tallic minerals include stone, sand, gravel, clay, and other
minerals such as lime and soda ash used as chemicals and fer-
tilizers. This industry also includes initial mineral processing
and preparation activities, because processing plants usually
operate together with mines or quarries as part of the extrac-
tion process. A separate section in the Career Guide covers
careers in oil and gas extraction.

Mining is the process of digging into the earth to extract
naturally occurring minerals. There are two kinds of min-
ing, surface mining and underground mining. Surface min-
ing, also called open pit mining or strip mining, is under-
taken if the mineral is near the earth’s surface. This method
is usually more cost efficient and requires fewer workers to
produce the same quantity of ore as underground mining. In

surface mining, after blasting with explosives, huge earth-

moving equipment, such as power shovels or draglines,
scoops off the layers of soil and rock covering the mineral
bed. Once the mineral is exposed, smaller shovels lift it from
the ground and load it into trucks. The mineral can also be
broken up using explosives, if necessary. In quarrying op-
erations, workers use machines to extract stone for use pri-
-marily as building material. Stone, such as marble, granite,
limestone and sandstone, is quarried by splitting blocks of
rock from a massive rock surface.

Underground mining is employed when the mineral deposit
lies deep below the surface of the earth. When developing an
underground mine, miners first must dig two or more open-
inae S *unnels, deep into the earth near the place where they
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believe coal or minerals are located. Depending on where the
vein of ore is in relation to the surface, tunnels may be verti-
cal, horizontal, or sloping. One opening allows the miners to
move in and out of the mine with their tools, and also serves
as an opening to transport the mined rock by small railroad
cars or by conveyor belt to the surface. The other opening is
used for ventilation. Miners remove the mineral from the bed,
load it on the railroad cars or conveyor belts, and then haul it
out of the mine through the other opening, or tunnel.

Entries are constructed so that miners and equipment can
get to the ore and carry it out, while allowing fresh air to enter
the mine. Once underground at the proper depth, a mine’s
tunnels interconnect with a network of passageways going in
many directions. Long steel bolts and pillars of unmined ore
support the roof of the tunnel. Using the room-and-pillar
method, miners remove half of the ore as they work the ore
seams from the tunnel entrance to the edge of the mine prop-
erty, leaving columns of ore to support the ceiling. This pro-
cess is then reversed, and the remainder of the ore is extracted,
as the miners work their way back out. In the case of longwall
mining of coal, self-advancing roof supports, made of hydrau-
lic jacks and metal plates, are moved ahead, allowing the ceil-
ing in the mined area to cave in as the miners work back to-
wards the tunnel entrance.

During the 1980s and early 1990s, production of both metal
and nonmetallic minerals increased. Given its more volatile
price, metal production fluctuated more than that of
nonmetallics. However, employment in both sectors declined
significantly, as new technology and more sophisticated min-
ing techniques increased productivity, allowing growth in
output while employing fewer workers.

During this period, production of coal also increased, mainly
as a result of increasing electric utility demand. Coal accounts
for about one-third of overall domestic energy production and
over half of U.S. electrical power was generated by burning
coal in 1996. However, technological advancements in the
U.S. coal industry, including larger, more powerful machin-
ery and equipment; the use of new mining techniques; and the
development of large surface mines, continue to reduce em-
ployment in coal mines.

Working Conditions

The average worker in the mining and quarrying industry
worked 44 hours a week in 1998. Work environments vary by
occupation. Scientists and technicians work in office build-
ings and laboratories, miners and mining engineers spend much
of their time in the mine.
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Working conditions in mines and quarries can be unusual
and sometimes dangerous. Underground mines are damp and
dark, and some can be very hot. At times, several inches of
water may cover tunnel floors. Although underground mines
have electric lights, only the lights on miners’ caps illuminate
many areas. Workers in mines with very low roofs may have
to work on their hands and knees, backs, or stomachs in con-
fined spaces. In underground mining operations, dangers in-
clude the possibility of an explosion or cave-in, electric shock,
or exposure to harmful gas.

Workers in surface mines and quarries are subject to rug-
ged outdoor work in all kinds of weather and climates. Physi-
cal strength and stamina are necessary, because the work in-
volves lifting, stooping, and climbing. Surface mining, how-
ever, usually is less hazardous than underground mining.

In 1997, the rate of work-related injury and illness was 4.9
per 100 full-time workers in metal mining, 4.7 in nonmetallic
minerals, and 7.8 in coal mining, compared with 7.1 for the
entire private sector. Although mine health and safety condi-
tions have improved dramatically over the years, dust gener-
ated by drilling in mines still places miners at risk of develop-
ing either of two serious lung diseases: pneumoconiosis, called
“black lung disease,” from coal dust, or silicosis from rock
dust. The Federal Coal Mine Health and Safety Act of 1969
regulates dust concentrations in coal mines, and respirable dust
levels are closely monitored. Dust concentrations in mines
have declined as a result. Underground miners are now re-
quired to have their lungs x rayed when starting a job, with a
mandatory follow-up x ray 3 years later, in order to monitor
any development of respiratory illness. Additional x rays are
given every 5 years on a voluntary basis. Workers who de-
velop black lung disease or silicosis may be eligible for Fed-
eral aid.

Employment

There were approximately 251,000 wage and salary jobs in
the mining and quarrying industry in 1998; around 92,000 in
coal mining; 50,000 in metal mining; and 109,000 in nonme-
tallic mineral mining. According to the Energy Information
Administration, there were around 1,800 coal mining opera-
tions in 25 States in 1997. Over half of U.S. coal is produced
in three states: Kentucky, Wyoming, and West Virginia. Metal
mining is more prevalent in the West and Southwest, particu-
larly in Arizona, Colorado, Nevada, New Mexico, and Utah.
Nonmetallic mineral mining is the most widespread, as quar-
- rying of nonmetallic minerals, such as stone, clay, sand, and
gravel, is done in nearly every State. About 50 percent of
mining and quarrying establishments employ fewer than 10
workers (chart).

Occupations in the Industry

The mining and quarrying industry requires many
workers. In 1998, almost 4 out of 5 workers were in precision
production, craft, and repair or operator, fabricator, and la-
borer occupations (table 1).

R8s Vs

Mining occupations. The majority of jobs in the mining and
quarrying industry are in equipment operation and skilled craft
and repair occupations. Though most of these jobs can be
entered directly from high school, or after acquiring some
experience and on-the-job training in an entry-level position,
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About 50 percent of mining and quarrying
establishments employ fewer than 10 workers
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Source: U.S. Department of Commerce, County Business Patterns, 1997
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the increasing sophistication of equipment and machinery used
in mining means a higher level of technical skill may now be
required for many positions.

Underground mining primarily includes three methods:
Conventional, continuous, and longwall mining. Conventional
mining, which is being phased out, is the oldest method, re-
quiring the most workers and procedures. In this method, a
strip or “kerf” is cut underneath the ore seam to control the
direction in which the ore falls after it has been blasted. Cur-
ting machine operators use a huge electric chain saw with a
cutter from 6 to 15 feet long to cut the kerf. Next, drilling
machine operators drill holes in the ore where the shot firers
place explosives. This potentially dangerous work requires
workers to follow safety procedures, such as making sure ev-
eryone is clear of the area before the explosives are detonated.
After the blast, loading machine operators scoop up the ma-
terial and dump it into small rubber-tired cars run by shurtle
car operators, who bring the coal or ore to a central location
for transportation to the surface.

The continuous mining method eliminates the drilling and
blasting operations of conventional mining by using a ma-
chine called a continuous miner. Traditionally, a continuous
mining machine operator sits or lies in a machine’s cab and
operates levers that cut or rip out ore and load it directly onto
a conveyor or shuttle car. However, the use of remote-con-
trolled continuous mining machines—which have increased
safety considerably—now allows an operator to control the
machine from a distance.

In longwall mining, which is similar to continuous mining,
longwall machine operators run large machines with rotating
drums that automatically shear and load ore on a conveyor.
At the same time, hydraulic jacks reinforce the roof of the
tunnel. As ore is cut, the jacks are hydraulically winched for-
ward, supporting the roof as they move along.

Many other workers are needed to operate safe and efficient
underground mines. Before miners are allowed underground, a
mine safety inspector checks the work area for such hazards as
loose roofs, dangerous gases, and inadequate ventilation. If
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safety standards are not met, the inspector prohibits the mine
from producing until conditions are made safe. Rock-dust ma-
chine operators spray the mine walls and floor to hold down
dust which can interfere with breathing.

Roof bolters operate the machines that automatically in-
stall roof support bolts to prevent roof cave-ins, the biggest
cause of mining injuries. Brattice builders construct doors,
walls, and partitions in tunnel passageways to force air into
the work areas. Shift bosses, or blue-collar worker supervi-
sors, oversee all operations at the work site.

In surface mining, most miners operate huge machines that
either remove the earth above the ore deposit, or dig and load
the ore onto trucks. The number of workers required to oper-
ate a surface mine depends on the amount of overburden, or
earth, above the ore seam. In many surface mines, the over-
burden is first drilled and blasted. Overburden stripping op-
erators or dragline operators then scoop the earth away to
expose the coal or metal ore. Some draglines are among the
largest land machines on earth.

Next, loading machine operators rip the exposed ore from
the seam and dump it into trucks to be driven to the prepara-
tion plant. Tractor operators use bulldozers to move earth
and ore and to remove boulders or other obstructions.
Truckdrivers haul ore to railroad sidings or to preparation
plants, and transport supplies to mines.

Craft and repair occupations. Other workers, who are not
directly involved in the extraction process, work in and around
mines and quarries. For example, skilled mechanics are needed
to repair and maintain the wide variety of mining machinery,
and skilled electricians are needed to check and install elec-
trical wiring. Mechanical and electrical repair work has be-
come increasingly complex, as machinery and other equip-
ment have become computerized. Carpenters construct and
maintain benches, bins, and stoppings (barricades to prevent
air flow through a tunnel). These workers generally need spe-
cialized training to work under the unusual conditions in mines.
Mechanics, for example, may have to repair machines while
on their knees with only their headlamps to illuminate the
working area.

Quarrying occupations. Workers at quarries have duties simi-
lar to miners. Using jackhammers and wedges, rock splitters
remove pieces of stone from a rock mass. Dredge operators
and dipper tenders operate power-driven dredges, or dipper
sticks of dredges, to mine sand, gravel, and other materials
from beneath the surface of lakes, rivers, and streams. Using
power-driven cranes with dragline buckets, dragline opera-
tors excavate or move sand, gravel, and other materials.

Processing plant occupations. Processing plants often are lo-
cated next to mines or quarries. In these plants, rocks and
other impurities are removed from the ore, which is then
washed, crushed, sized, or blended to meet buyer specifica-
tions. Methods for physically separating the ore from sur-
rounding material also include more complex processes, such
as leaching—mixing the ore with chemical solutions or other
liquids in order to separate materials. Most processing plants
are highly mechanized and require only a few workers for the
washing, separating and crushing operations. Processing plant
supervisors oversee all operations. In plants that are not heavily
Q
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mechanized, wash box attendants operate equipment that sizes
and separates impurities from ore, and shake tenders monitor
machinery that further cleans and sizes ore with a vibrating
screen. Most jobs in the processing plant are repetitive and,
as a result of highly computerized mechanization, are becom-
ing more automated.

Tabie 1. Employment of wage and salary workers in mining and
quarrying by occupation, 1998 and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ............ceeeevniinieiennne 250 100.0 -23.2
Precision production, craft,
and repair ...........coeveivvmnecieneniennenne 11 444 -25.1
Mining, quarrying, and tunneling
occupations ........ccccceeeveiiiinineinn 22 8.8 -195
Blue-collar worker supervisors ......... 17 6.6 -26.6
Industrial machinery mechanics ....... 15 5.8 -25.8
All other extraction and related
WOPKBIS «.eeveeneeeeneeeemrennnssesssnnsusnes 14 54 -25.2
Grader, bulldozer, and scraper
OPOBIALOrS ...cccoververierrereerissmsessvernenes 1 45 -29.2
Mobile heavy equipment mechanics... 6 25 -24.8
Maintenance repairers, general
ULIIIY oo 5 21 -25.9
Electricians .........c.ceuc... 4 1.8 -30.0
Operating engineers ................ceuuee. 2 1.0 -20.9
Operators, fabricators, and laborers .... 87 347 -19.3
Truckdrivers .......cccceveeneincnenscneesnenenes 22 8.7 -18.4
Helpers, laborers, and
material movers, hand ................. 15 5.6 254
All other material moving equipment
0PBrators ..........ccocvvennninsnenneissenns 12 46 -25.8
Excavation and loading machine
(o] 0 1= 121 (] £ J P 11 45 -13.8
Crushing, grinding, mixing, and
blending machine operators and
tenders.......cccceireeeeieinnnennenes 9 35 46
Welders and cutters ...........cceeeeenenee 4 1.6 -25.0
Industrial truck and tractor
OPOrators .......cccevevnieneniissessueininsee 3 13 -21.3
Separating, filtering, clarifying,
precipitating, and still machine
operators and tenders.................. 2 0.7 -25.0
Administrative support, including
clerical ....coveeeeieicneiccce 19 7.6 -25.6
General office clerks ..............c..c.... 4 14 -16.1
Bookkeeping, accounting, and
auditing clerks .........coccvnnninniinnne 3 1.1 -33.6
SOCIBLATIBS ...cvoveerererererrerrerereraeescaenes 3 1.0 -37.2
Weighers, measurers, checkers,
and samplers, recordkeeping ...... 2 0.9 -18.1
Executive, administrative, and
managertal ...........coovevveeieiininninnens 19 7.6 -26.3
General managers and top
OXOCULIVES «..eeeeveeneerneeneeeeneecaneressans 6 22 -22.2
Management support occupations ... 4 1.7 -27.4
Professional specialty ......................... 27 -24.3
ENgiNeers ........ccoeeeveeemneeeceenennnennns 15 -25.5
Geologists, geophysicists, and
0ceanographers ... 1 0.4 -28.6
Technicians and related support ........ 4 1.7 -28.6
Engineering and science
technicians .......... 4 1.5 -27.4
All other occupations 4 14 -23.0
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Managerial, professional, technical, and administrative sup-
port occupations. Administrative workers include general
managers and top executives, who are responsible for making
policy decisions. Staff specialists (such as accountants, at-
torneys, and marker researchers) provide information and ad-
vice for policymakers.

Professional and technical workers in mining and quarrying
include engineering, scientific, and technical personnel. Ge-
ologists and geophysicists search for locations likely to yield
coal or mineral ores in sufficient quantity to warrant extraction
costs. Mining engineers examine seams for depth and purity,
determine the type of mine to build, and supervise the construc-
tion, maintenance, and operation of mines. Mechanical engi-
neers oversee the installation of equipment, such as heat and
water systems; electrical engineers oversee the installation and
maintenance of electrical equipment; civil engineers oversee
the building and construction of mine sites, plants, roads, and
other infrastructure; and safety engineers direct health and safety
programs. Using sophisticated technologies and equipment,
such as the Global Positioning System (GPS)—a satellite sys-
tem that locates points on the earth using radio signals trans-
mitted by satellites—surveyors help map areas for mining.

Environmental engineers and scientists play an increasingly
important role in mining and quarrying, given environmental
concerns and stringent Federal, State, and local regulations im-
posed on all operations. Restrictions imposed by environmen-
tal regulations make obtaining permits for new mine develop-
ment projects increasingly difficult. Mine owners and opera-
tors face substantial penalties should they fail to abide by cur-
rent regulations. In addition, both State laws and Federal regu-
lations, such as the Surface Mining Control and Reclamation
Act (SMCRA), require that land reclamation be part of the min-
ing process. Reclamation plans must usually be approved by
both government officials and local interest groups. When a
mining operation is closed, the land must be restored to its pre-
mine condition, which can include anything from leveling soil
and removing waste to replanting vegetation.

Exploration, mine design, impact assessment, and restora-
tion efforts can depend on computer analysis. In addition,
rapid technological advancements, particularly in processing
plant operations, are the result of increased computerization.
This has led to a growing reliance on professionals with com-
puter skills, such as systems analysts and computer scientists.

Training and Advancement

‘Workers in mining and quarrying production occupations must
be at least 18 years old, in good physical condition, and able
to work in confined spaces. A high school diploma is not nec-
essarily required. Most workers start as helpers to experi-
enced workers and learn skills on the job; however, formal
training is becoming more important, as more technologically
advanced machinery and mining methods arc used. Somie
employers prefer to hire recent graduates of high school vo-
cational programs in mining or graduates of junior college or
technical school programs in mine technology. Such programs
usually are only found at schools in mining areas.

Mining companies may also offer formal training in ei-
ther classrooms or training mines for a few weeks before
new miners actually begin work. At mines covered by con-
t{ficts with the United Mine Workers of America (UMWA),
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workers receive employer-sponsored pre-service instruction’
and annual retraining sessions in subjects such as machine
operation, first aid, and health and safety regulations. All
miners receive annual retraining instruction in all aspects of
their job concerning health and safety. The U.S. Mine Safety
and Health Administration conducts classes on health, safety,
and mining methods; and some mining machinery manufac-
turers also offer courses in machine operation and maintenance.

As production workers gain more experience, they can ad-
vance to higher-paying jobs requiring greater skill. A mining
machine operator’s helper, for example, may become an op-
erator. When vacancies occur, announcements are posted and
all qualified workers can bid for the job. Positions are filled
on the basis of seniority and ability. Miners with significant
experience or special training can also become mine safety
inspectors. According to the U.S. Mine Safety and Health
Administration, an inspector needs, in general, at least 5 years
experience as a miner, or a degree in mining engineering.

For professional and managerial positions in mining and
quarrying, a bachelor’s degree in engineering, one of the
physical sciences, or business administration is preferred. A
number of colleges and universities have mining schools or
departments and programs in mining or minerals. Environ-
mental positions require regulatory knowledge and a strong
natural science background, or a background in a technical
field, such as environmental engineering or hydrology. To
date, most environmental professionals have been drawn
from the ranks of engineers and scientists who have had ex-
perience in the mining and quarrying industry.

Universities and mining schools have introduced more en-
vironmental course work into their programs, and mining and
quarrying firms are hiring professionals from existing envi-
ronment-related disciplines and training them to their compa-
nies’ needs. Additionally, specialized mine technology pro-
grams are available from a few colleges. Enrollment in these
programs can lead to a certificate in mine technology after 1
year, an associate degree after 2 years, or a bachelor’s degree
after 4 years. Courses cover areas such as mine ventilation,
roof bolting, and machinery repairs.

Earnings

Average earnings in mining and quarrying were significantly
higher than the average for all industries. In 1998, production
workers in coal mining averaged $19.16 an hour; workers in
metal mining averaged $18.25 an hour; and workers in non-
metallic minerals mining averaged $14.72 an hour (table 2).
Workers in underground mines spend time traveling from the
mine entrance to their working areas, so their paid workday is
slightly longer than that of surface mine workers, 8 hours ver-
sus 7-1/4-hour shifts. Workers in underground mines also tend
to earn more per hour than miners on the surface. Eamnings in
selected occupations in selected mining and quarrying indus-
tries appear in table 3.

Table 2. Average earnings of nonsupervisory workers In mining
and quarrying, 1998

Industry segment Waeekly Hourly
Total, private industry ... $442 $12.77
Coal mining 858 19.16
Metal mining 812 18.25
Nonmetallic mineral mining ..........c..c...... 683 14.72
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Around 26 percent of mine workers are union members or
are covered by union contracts, compared to about 15 percent
of workers throughout private industry. About 30 percent of
workers in coal and metal mining were union members in 1998,
compared to about 22 percent of workers in nonmetallic min-
eral mining. Union coal miners are primarily represented by
the UMWA. The United Steelworkers of America, the Inter-
national Union of Operating Engineers, and other unions also
represent miners.

Workers covered by UMWA contracts receive 11 paid holi-
days, 14 days of paid vacation each year, and 5 days of per-

.sonal or sick leave; however, coal miners generally must take
their vacations during one of three regular vacation periods,
to assure a continuous supply of coal. As length of service
increases, UMWA miners get up to 13 extra vacation days af-
ter 18 years of continuous employment. Union workers also
receive benefits from a welfare and retirement fund.

Table 3. Median hourly earnings of the largest occupations in
coal mining and nonmetaltic minerals, except fuels, 1997

Nonmetallic
minerals,
Coal except

Occupation mining fuels  All industries
Grader, bulldozer, and scraper

OPBIALONS ....cvneecmruenrncsneneseseseasasaesaens $16.87 — $12.62
Excavating and loading machine

OPEIALONS ...coouereennecrcririnreresensesesssasnes — $11.58 12.77
Crushing, grinding, mixing, and

blending machine operators and

EONAEIS .ooeoveeceeereereiiisesrecsresasesnsnenne —_ 11.36 10.85
Truck drivers, heavy or tractor-trailer ..  — 10.95 13.08

Outlook

Employment in mining and quarrying is expected to decline
by about 23 percent through the year 2008. This continuing
long-term decline is due, in part, to increased productivity,
resulting from technological changes in mining operations, as
well as factors such as stringent environmental regulations
and international competition.

Declining employment will be led by a decline in the coal
mining sector. The products of the coal mining industry are
used to produce electricity and steel products. Although pro-
duction of coal is expected to increase, employment should
continue to decline, as more efficient and automated produc-
tion operations require less labor. Advances in longwall and
surface mining, which are less labor-intensive, have increased
productivity, as have improvements in transportation and pro-
cessing. Additionally, innovations such as roof bolting, self-
advancing roof supports, and continuous mining machinery
have led to safer, more efficient operations.

The long-term outlook for coal also depends on how elec-
tric utility companies—the major consumers of coal—respond
to provisions of the Clean Air Act Amendments of 1990, which
attempt to limit the emission of sulfur dioxide and other harm-
ful pollutants. Phase I of the Amendments, which took affect
in 1995, requires reductions in sulfur emissions from coal com-
bustion. Compliance involves the installation of costly clean-
ing and monitoring equipment or increased use of low-sulfur
coal. Already, low transportation costs and rising demand for

~'~~¢5~ burning coal have resulted in regional shifts in coal
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production and markets. Because of this, lower-sulfur West-
ern coal now accounts for an increasing share of output. Im-
provements in clean coal technologies may help the industry
cope with increasingly restrictive regulations through projects
like the Integrated Gasification Combined Cycle (IGCC). This
technology combines traditional coal gasification with gas
turbine and steam power to generate electricity more efficiently
and reduce carbon and sulfur dioxide emissions. Additional
options include switching to other fossil fuels, or trading or
selling “emission credits” among companies trying to meet
standards. Though coal remains an abundant energy source,
the coal mining industry will have to contend with environ-
mental issues as all aspects of the production, processing, and
use of coal come under stricter regulation.

Like coal mining, continuing productivity increases are ex-
pected to cause employment in the metal mining industry to
decline through 2008. The metal mining industry produces iron
ore and ferroalloy ores, such as manganese, tungsten, cobalt,
and molybdenum; copper ores; and lead; zinc; gold; silver; alu-
minum; and uranium, as well as other ores. These materials are
used mainly to produce primary nonferrous metals, steel, and
industrial chemicals. Metals, such as copper and gold, for ex-
ample, are used throughout the economy in products such as
wire or electrical connectors and contact pads, which are vital
to the communications and electronics industries. Nonresiden-
tial construction also consumes a large portion of the output of
metal mining, as do the automotive and appliance industries.
The ability of U.S. mines to remain internationally competitive
will influence the long-term outlook. Currently, U.S. mines are
among the most technologically advanced in the world; how-
ever, mining operations in other countries have lower labor costs
and are subject to fewer government regulations. In addition,
pending reform of the Mining Law of 1872, which involves
issues such as access to public lands and the payment of royal-
ties, is of particular concern to this sector of the mining indus-
try. Changes in policies could have significant long term im-
plications; and uncertainty over restrictions, regulations, and
the future of this law could serve to focus more exploration and
investment opportunities elsewhere.

The nonmetallic mineral industry produces stone such as
limestone or granite, gravel, sulfur, and other nonmetallic
minerals. These minerals are used to make concrete and agri-
cultural chemicals and as materials in residential, non-resi-
dential, and maintenance construction. Production of most
nonmetallic minerals rose almost continuously from 1961 to
1994. Although demand for minerals remains strong, techno-
logical changes will continue to increase productivity, limit-
ing the need for workers, so employment in this sector of the
industry is expected to decline through 2008.

Sources of Additional Information
For additional information about careers and training in the
mining and quarrying industry, write to:

> Mine Safety and Health Administration, 4015 Wilson Blvd.,
Arington, VA 22203.
Internet: http://www.msha.gov

» National Mining Association, 1130 17th St. NW., Washing-
ton, DC 20036. Internet: http://www.nma.org

>  Society for Mining, Metallurgy and Exploration, Inc., P.O.
Box 625002, Littleton, CO 80162.
Internet: http://www.smenet.org
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» United Mine Workers of America, 900 15th St. NW.,
Washington, DC 20005.

Information on the following occupations in mining
and quarrying may be found in the 2000-01 Occupational
Outlook Handbook:

® Blue-collar worker supervisors
® Chemical engineers

32

Electrical and electronics engineers

Electricians

Geologists, geophysicists, and oceanographers
Materials engineers

Mining engineers, including mine safety engineers
Petroleum engineers

Surveyors, cartographers, photogrammetrists, and
surveying technicians

Truckdrivers
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Qil and Gas Extraction

(SIC 13)

SIGNIFICANT POINTS

® Most establishments employ fewer than 10 workers.
About 60 percent of the industry’s workforce is concentrated in 4 States.
Although technological innovations have expanded exploration and development worldwide,
employment is expected to decline.

Nature of the Industry

Petroleum, or oil as it is more commonly referred to, is a natu-
ral fuel formed from the decay of plants and animals buried
beneath the ground for millions of years under tremendous
heat and pressure. Formed by a similar process, natural gas
often is found in separate deposits and sometimes mixed with
oil. Because oil and gas are difficult to locate, exploration
and drilling are key activities in the oil and gas extraction in-
dustry. Oil and natural gas furnish about three-fourths of our
energy needs, fueling our homes, workplaces, factories, and
transportation systems. In addition, they provide the raw
materials for plastics, chemicals, medicines, fertilizers, and
synthetic fibers.

Using a variety of methods, on land and at sea, small crews
of specialized workers search for geologic formations that are
likely to contain oil and gas. Sophisticated equipment and
advances in computer technology have increased the produc-
tivity of exploration. Maps of potential deposits are now made
using remote sensing satellites. Seismic prospecting—a tech-
nique based on measuring the time it takes sound waves to
travel through underground formations and return to the sur-
face—has revolutionized oil and gas exploration. Computers
and advanced software analyze seismic data to provide 3-di-
mensional models of subsurface rock formations. This tech-
nique lowers the risk involved in exploring by allowing sci-
entists to locate and identify structural oil and gas reservoirs
and the best locations to drill. 4-D or “time-lapsed” seismic
technology tracks the movement of fluids over time and en-
hances production performance even further. Another method
of searching for oil and gas is based on collecting and analyz-
ing core samples of rock, clay, and sand in the earth’s layers.

After scientific studies indicate the possible presence of
oil, an oil company selects a well site and installs a derrick—
a tower-like steel structure—to support the drilling equipment.

. A hole is drilled deep in the earth until oil or gas is found, or
the company abandons the effort. Similar techniques are em-
ployed in offshore drilling, except the drilling equipment is
part of a steel platform that either sits on the ocean floor, or
-floats on the surface and is anchored to the ocean floor. Al-
though some large oil companies do their own drilling, most
land and offshore drilling is done by contractors.

In rotary drilling, a rotating bit attached to a length of hol-
low drill pipe bores a hole in the ground by chipping and cut-
ting rock. As the bit cuts deeper, more pipe is added. A stream
of drilling “mud”—a mixture of clay, chemicals, and water—
is continuously pumped through the drill pipe and through

* *@  thedrill bit. Its purpose is to cool the drill bit, plaster
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the walls of the hole to prevent cave-ins, carry crushed rock to
the surface, and prevent “blowouts” by equalizing pressure
inside the hole. When a drill bit wears out, all drill pipe must
be removed from the hole a section at a time, the bit replaced,
and the pipe returned to the hole. New materials and better
designs have advanced drill bit technology, enabling faster,
more cost effective drilling, for longer lengths of time.

Advancements in directional or horizontal drilling tech-
niques, which allow increased access to potential reserves, have
had a significant impact on drilling capabilities. Drilling be-
gins vertically, but the drill bit can be turned so drilling can
continue at an angle of up to 90 degrees. This technique ex-
tends the reach, enabling a drill to reach separate pockets of oil
or gas. Because constructing new platforms is costly, this tech-
nique is commonly employed by offshore drilling operations.

When oil or gas is found, the drill pipe and bit are pulled
from the well, and metal pipe (casing) is lowered into the hole
and cemented in place. The casing’s upper end is fastened to
a system of pipes and valves called a wellhead, or “Christmas
Tree,” through which natural pressure forces the oil or gas
into separation and storage tanks. If natural pressure is not
great enough to force the oil to the surface, pumps may be
used. In some cases, water, steam, or gas may be injected into
the oil-producing formation to improve recovery.

Crude oil is transported to refineries by pipeline, ship, barge,
truck, or railroad. Natural gas is usually transported to pro-
cessing plants by pipeline. While oil refineries may be many
thousands of miles away from the producing fields, gas pro-
cessing plants usually are near the fields, so impurities—wa-
ter, sulfur, and natural gas liquids—can be removed, before
the gas is piped to customers. The oil refining industry is
considered a separate industry and its activities are not cov-
ered here, even though many oil companies both extract and
refine oil.

The oil and gas extraction industry has experienced both
“boom” and “bust” in recent years. During the 1970s and
early- 1980s, the price of crude oil rose sharply, stimulating
domestic exploration and production. Between 1970 and
1982—the year industry employment peaked—this industry
created 438,000 jobs, a percentage increase that was more than
four times greater than that of the economy as a whole. Em-
ployment rose twice as fast in the oil and gas field services
segment than in crude petroleum, natural gas, and natural gas
liquids segment, reflecting the fact that most exploration and
drilling is done on a contract basis.

Starting in 1982, oil-producing countries around the world
began yielding much larger volumes of crude oil, driving prices
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down, culminating in the collapse of oil prices in the mid-
1980s. During this time, the industry experienced a sharp
decline in domestic exploration and production and an ex-
tended period of downsizing and restructuring, losing almost
390,000 jobs from 1982 to 1995. As was the case during the
boom period, employment in oil and gas field services changed
more than employment in crude petroleum and natural gas
production.

Working Conditions

Working conditions in this industry vary significantly by oc-
cupation. Jobs as roustabouts and other production workers
may involve rugged outdoor work in remote areas in all kinds
of weather. For these jobs, physical strength and stamina
are necessary. This work involves standing for long periods
of time, lifting moderately heavy objects, and climbing and
stooping to work with tools that are often oily and dirty. Ex-
ecutives generally work in office settings, as do most ad-
ministrators and clerical workers. Geologists, engineers, and
managers may split their time between the office and the job
sites, particularly while involved in exploration work.

Only 1 employee in 20 works fewer than 35 hours a week,
reflecting few opportunities for part-time work. In fact, a
higher percentage of workers in this industry work overtime
than in all industries combined. The average nonsupervisory
worker worked 42.7 hours per week in 1998, compared to 34.6
hours for all workers.

Oil and gas well drilling and servicing can be hazardous.
However, in 1997, the rate of work-related injury and illness
in the oil and gas extraction industry, as a whole, was 5.9 per
100 full-time workers, somewhat lower than the 7.1 for the
entire private sector. The rate for workers in oil and gas field
services, 8.7 per 100 full-time workers, was nearly five times
higher than for workers in crude petroleum and natural gas,
which was only 2.0.

Drilling rigs operate continuously. On land, drilling crews
usually work 6 days, 8 hours a day, and then have a few days
off. In offshore operations, workers can work 14 days, 12
hours a day, and then have 14 days off. If the offshore rig is
located far from the coast, drilling crew members live on ships
anchored nearby or in facilities on the platform itself. Work-
ers on offshore rigs are always evacuated in the event of a
storm. Most workers in oil and gas well operations and main-
tenance or in natural gas processing work 8 hours a day, 5
days a week.

Many oil field workers are away from home for weeks or
months at a time. Exploration field personnel and drilling
workers frequently move from place to place as work at a par-
ticular field is completed. In contrast, well operation and
maintenance workers and natural gas processing workers usu-
ally remain in the same location for extended periods of time.

Employment
The oil and gas extraction industry, with about 339,000 wage
and salary jobs in 1998, is the largest industry in the mining
division, accounting for more than one-half of employment.
The workforce is divided between two segments: crude petro-
leum, natural gas, and natural gas liquids, with about 143,000
jobs, and oil and gas field services, with about 196,000 jobs.
Although onshore oil and gas extraction establishments are
fom:nd in 48 States, about 60 percent of the industry’s workers
S
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in 1999 were located in just 4 States—California, Louisiana,
Oklahoma, and Texas. While most workers are employed on
land, many work at offshore sites. Although they are not in-
cluded in employment figures for this industry, many Ameri-
cans are employed by oil companies at locations in Africa, the
North Sea, the Far East, the Middle East, South America, and
countries of the former Soviet Union. '

More than 7 out of 10 establishments employ fewer than 10
workers, although more than half of all workers in this industry
work in establishments with 50 or more workers (chart).

Relatively few oil and gas extraction workers are in their
teens or early 20s. Over 65 percent of the workers in this
industry are between 35 and 54 years of age.

Occupations in the Industry

People with many different skills are needed to explore for oil
and gas, drill new wells, maintain existing wells, and process
natural gas. The largest group is production workers, account-
ing for nearly 44 percent of industry employment. Executive,
managerial, and professional workers account for about 14
percent of employment; while clerical and administrative sup-
port workers account for about 11 percent (table 1).

A petroleum geologist or a geophysicist, who is respon-
sible for analyzing and interpreting the information gathered,
usually heads exploration operations. Other geological spe-
cialists, such as paleontologists, who study fossil remains to
locate oil; mineralogists, who study physical and chemical
properties of mineral and rock samples; stratigraphers, who
determine the rock layers most likely to contain oil and natu-
ral gas; and photogeologists, who examine and interpret aerial
photographs of land surfaces, may also be involved in explo-
ration activities. Additionally, exploration parties may include
surveyors and drafters, who assist in surveying and mapping
activities.

Some geologists and geophysicists work in district offices
of oil companies or contract exploration firms, where they
prepare and study geological maps and analyze seismic data.
These scientists may also analyze samples from test drillings.

More than 7 out of 10 establishments in oil and gas
extraction employ fewer than 10 workers
Percent

767 I Establishments

[ Employment
27 2.1
183 19.3 170
130
4.2
0.7 02
1t09 10t0 49 5010249 250 to 999 1000+
Number of workers employed by establishment
Source: U.S. Dep W of C , County Busii Patterns, 1997
R
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Other workers involved in exploration are geophysical pros-
pectors. They lead crews consisting of gravity and seismic
prospecting observers, who operate and maintain electronic
seismic equipment; scouts, who investigate the exploration,
drilling, and leasing activities of other companies to identify
promising areas to explore and lease; and lease buyers, who
make business arrangements to obtain the use of the land with
owners of land or mineral rights.

Table 1. Employment of wage and salary workers In oll and gas
extraction by occupation, 1998 and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ..............coinniviieennnne 339 100.0 -16.7
Precision production, craft, and
(=] + T 11 RS 148 43.7 -9.2
All other oil and gas extraction
OCCUPALIONS ...cveeeviineiiineisriniisnens 39 11.6 -1
Roustabouts, oil and gas . 29 8.6 -21.6
Blue-collar worker supervisors .......... 20 5.8 -13.4
All other extraction and related
WOTKBIS ..ceverenireeecnececeseecenesseenne 14 4.1 4.1
Gas and petroleum plant and
systems occupations .................... 12 3.4 -8.9
Construction trades ...........cceveeuienes 9 2.6 -1.8
Industrial machinery mechanics........ - 1.9 -13.7
Maintenance repairers, general
(V1113 2OV . 4 1.1 -27.7
Operators, fabricators, and laborers... 58 171 -2.6

Material moving equipment operators ... 17 4.9 -227
Helpers, laborers, and material

movers, hand .......cceeeinneiiennens 15 4.3 1.2
Hand workers, including assemblers
and fabricators..........ceeeeceecueceeennens 13 3.9 5.9
Truck drivers .....ccccceeeveeerenecereneesnessenes 9 2.6 29
Executlve, managerlal, and
adminlistrative ... 46 13.6 -31.6
General managers and top
OXECULIVES -.cveennerernecieneeececneenne 1 33 -20.4

1
Accountants and auditors.................. 7 2.2 -44.0
All other managers and
administrators .........c.coceeeveevveeneenes 5 14 -28.9
3

Financial managers 08 -30.2

Adminlstrative support,

Including clerical.....................uuee.e. 36 10.8 -32.9
Secretaries 8 24 -42.3
General office clerks.............coeeuiuene 9 2.8 -28.7
Bookkeeping, accounting, and

auditing clerks .........cccecenieeniinenne 6 1.8 -41.9
Material recording, scheduling,
dispatching, and distributing
OCCUPALIONS ......cccceuvvvuienieieenneiannns 4 1.1 -14.8
Professional speclalty......................... 29 8.6 -32.0
Petroleum engineers ......................... 6 19 -21.6
Geologists, geophysicists, and
0Ceanographers ..., 6 1.8 -46.5
Computer systems analysts,
engineers, and scientists ............. 4 1.2 71
Techniclans and related support ........ 14 4.1 -32.0
Science and mathematics
technicians .........cccoceeeeecvcnncnenenn. 7 2.0 -32.1
Engineering technicians ............cc...... 3 0.8 217
Marketing and sales occupations ...... 5 14 -7.9
All other occupations ................cceueeenee 2 0.8 -24.1
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Petroleum engineers are responsible for planning and su-
pervising the actual drilling operation, once a potential drill
site has been located. These engineers develop and imple-
ment the most efficient recovery method, in order to achieve
maximum profitable recovery. They also plan and supervise
well operation and maintenance. Drilling superintendents
serve as supervisors of drilling crews, supervising one or more
drilling rigs.

Rotary drilling crews usually consist of four or five work-
ers. Rotary drillers supervise the crew and operate machin-
ery that controls drilling speed and pressure. Rotary-rig en-
gine operators are in charge of engines that provide the power
for drilling and hoisting. Second in charge, derrick opera-
tors work on small platforms high on rigs to help run pipe in
and out of well holes and operate the pumps that circulate
mud through the pipe. Rotary-driller helpers, also known as
roughnecks, guide the lower ends of pipe to well openings
and connect pipe joints and drill bits.

Though not necessarily part of the drilling crew, roust-
abouts, or general laborers, do general oil field maintenance
and construction work, such as cleaning tanks and building
roads.

Pumpers and their helpers operate and maintain motors,
pumps, and other surface equipment that force oil from wells
and regulate the flow, according to a schedule set up by petro-
leum engineers and production supervisors. In fields where
oil flows under natural pressure and does not require pump-
ing, switchers open and close valves to regulate the flow.
Gaugers measure and record the flow, taking samples to check
quality. Treaters test the oil for water and sediment and re-
move these impurities by opening a drain or using special
equipment. In most fields, pumping, switching, gauging, and
treating operations are automatic.

Other skilled oil field workers include oil well cementers,
who mix and pump cement into the space between the casing
and well walls to prevent cave-ins; acidizers, who pump acid
down the well and into the producing formation to increase
oil flow; perforator operators, who use subsurface “guns” to
pierce holes in the casing to make openings for oil to flow
into the well bore; sample-taker operators, who take samples
of soil and rock formations from wells to help geologists de-
termine the presence of oil; and well pullers, who remove pipes,
pumps, and other subsurface devices from wells for cleaning,
repairing, and salvaging.

Many other skilled workers—such as welders, pipefitters,
electricians, and machinists—are also employed in mainte-
nance operations to install and repair pumps, gauges, pipes,
and other equipment.

In addition to the types of workers required for onshore
drilling, crews at offshore locations also need radio operators,
cooks, ships’ officers, sailors, and pilots. These workers make
up the support personnel who work on or operate drilling plat-
forms, crewboats, barges, and helicopters.

Most workers involved in gas processing are operators. Gas
treaters tend automatically controlled treating units that re-
move water and other impurities from natural gas. Gas-pump-
ing-station operators tend compressors that raise the pressure
of gas for transmission in pipelines. Both types of workers
can be assisted by gas-compressor operators.

Many employees in large natural gas processing plants—
welders, electricians, instrument repairers, and laborers, for
example—perform maintenance activities. In contrast, many
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small plants are automated and are checked at periodic inter-
vals by maintenance workers or operators, or monitored by
instruments that alert operators if trouble develops. In non-
automated plants, workers usually combine the skills of both
operators and maintenance workers.

Training and Advancement

Workers can enter the oil and gas extraction industry with
a variety of educational backgrounds. The most common
entry-level field jobs are as roustabouts or roughnecks,
jobs that usually require little or no previous training or
experience. Applicants for these routine laborer jobs must
be physically fit and able to pass a physical examination.
Companies also may administer aptitude tests and screen
prospective employees for drug use. Basic skills can usu-
ally be learned over a period of days through on-the-job
training. However, previous work experience or formal
training in petroleum technology—that provides knowledge
of oil field operations and familiarity with computers and
other automated equipment—can be beneficial. In fact,
given the increasing complexity of operations and the so-
phisticated nature of technology used today, employers now
demand a higher level of skill and adaptability, including
the ability to work with computers and other sophisticated
equipment.

Other entry-level positions, such as engineering technician,
usually require at least a 2-year technical school certificate.
Professional jobs, such as geologist, geophysicist, or petro-
leum engineer, require at least a bachelor’s degree and often a
specialized graduate degree.

For well operation and maintenance jobs, companies gen-
erally prefer applicants who live nearby, have mechanical abil-
ity, and possess knowledge of oil field processes. Because
this work offers the advantage of a fixed locale, members of
drilling crews or exploration parties who prefer not to travel
may transfer to well operation and maintenance jobs. Train-
ing is acquired on the job.

Promotion opportunities for some jobs may be limited
due to the general decline of the domestic petroleum in-
dustry. Advancement opportunities for oil field workers
remain best for those with skill and experience. For ex-
ample, roustabouts may move up to switchers, gaugers, and
pumpers. More experienced roughnecks may advance to
derrick operators and, after several years, to drillers. Drill-
ers may advance to tool pushers. There should continue to
be some opportunities for entry-level field crew workers
to acquire the skills that qualify them for higher level jobs
within the industry. Due to the critical nature of the work,
offshore crews, even at the entry level, generally are more
experienced than land crews. Many companies will not
employ someone who has no knowledge of oil field opera-
tions to work on an offshore rig, so workers who have
gained experience as part of a land crew might advance to
offshore operations.

As workers gain knowledge and experience, U.S. or for-
eign companies operating in other countries also may hire
them. Although this can be a lucrative and exciting experi-
ence, it may not be suitable for everyone, because it usually
means leaving family and friends and adapting to different
customs and living standards.

Experience gained in many oil and gas extraction jobs also
haslapplication in other industries. For example, roustabouts
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can move to construction jobs, while machinery operators
and repairers can transfer to other industries with similar
machinery. Geologists and engineers may become involved
with environmental activities, especially those related to
this industry.

Earnings

Average earnings in the oil and gas extraction industry were
significantly higher than the average for all industries (table
2). Due to the working conditions, employees at offshore
operations generally earn higher wages than workers at on-
shore oil fields. College-educated workers and technical
school graduates in professional and technical occupations
usually earn the most. Earnings in selected occupations in oil
and gas extraction appear in table 3.

Table 2. Average earnings of nonsupervisory workers In oll and
gas extraction, 1998

Industry segment Weekly Hourly
Total, private industry ............cccceerevennnn. $442 $12.77
Total, oil and gas extraction...................... 719 16.83
Crude petroleum and natural gas ...... 945 22.66
Oil and gas field services ................... 600 13.91

Few industry workers belong to unions. In fact, only about
4 percent of workers were union members or covered by union
contracts in 1998, compared to about 15 percent of all work-
ers throughout private industry.

Table 3. Medlan hourly earnings of the largest occupations In
oll and gas extraction, 1997

Oil and gas

Occupation extraction All industries
General managers and top executives ... $34.74 $26.05
Accountants and auditors ..............cceeeue. 22.73 17.66
First-line supervisors and supervisor/

managers-construction trade and

extractive workers..........cccccceeveeueenn.e 21.70 18.28
Rotary drill operators, oil and

gas extraction ..............coeecieiennenne 14.44 14.41
Secretaries, except legal and

medical ..........ccoenenneerenrnrreneeeerenns 11.87 11.00
Derrick operators, oil and gas

extraction ..........cceeceeceennnnrrnnnenns 11.35 11.36
General office clerks .............cceveeeeeene.. 10.87 9.10
Service unit operators 10.28 10.31
Truck drivers, heavy or

tractor-trailer 9.82 13.08
Roustabouts ....... 8.73 8.75
Outlook

The level of future crude petroleum and natural gas explora-
tion and development, and therefore, employment opportu-
nities, remain contingent upon a number of uncertainties—
most importantly, the future price of oil and gas. Sharply
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higher prices mean companies, seeking greater profits, can
be expected to implement new technologies, expand domes-
tic exploration and production, and increase employment.
Substantially lower prices, on the other hand, could make
domestic exploration and continued production from many
existing wells unprofitable, resulting in reduced employment
opportunities.

In addition, environmental concemns, accompanied by strict
regulation and limited access to protected Federal lands, con-
tinue to have a major impact on the industry. For example,
environmental constraints, especially restrictions on drilling
in environmentally sensitive areas, should continue to limit
exploration and development, both onshore and offshore.

Overall employment in the oil and gas extraction indus-
try is expected to decline 17 percent through the year 2008,
even though worldwide demand for oil and gas is expected
to remain strong. Employment in the crude petroleum, natu-
ral gas, and natural gas liquids segment of the industry is
expected to decline about 46 percent, while employment in
oil and gas field services—which includes all contract ex-
ploration and drilling services—is expected to increase by
5 percent.

While some new oil and gas deposits are being found in
this country, especially in coastal waters, companies are in-
creasingly moving to more lucrative foreign locations. As
companies expand into other areas around the globe, the need
for employees in the United States is reduced. However, ad-
vances in technology have increased the proportion of explor-
atory wells that yield oil and gas, enhanced offshore explora-
tion and drilling capabilities, and extended the production of
existing wells. As a result, more exploration and develop-
ment ventures are profitable and provide employment oppor-
tunities that otherwise would have been lost.
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Technological innovations, coupled with the declining cost
of implementing such technologies, have reduced employment
in many areas. Because overall employment is expected to
decline, the need to replace workers who transfer to other in-
dustries, retire, or leave the workforce will be the sole source
of job openings. Nevertheless, there is demand for qualified
professionals and production workers who have significant
experience in oil field operations and who can work with these
new technologies. Employment opportunities will be best for
those with previous experience and with strong technical skills.
As employers develop and implement new technologies—such
as 3-D and 4-D seismic exploration methods, horizontal and
directional drilling techniques, and deepwater and subsea tech-
nologies—more workers capable of using sophisticated equip-
ment will be needed.

Sources of Additional Information
Information on training and career opportunities for petro-
leum engineers or geologists is available from:

» Society of Petroleum Engineers, 222 Palisades Creek Dr.,
Richardson, TX. Internet: http://www.spe.org

> American Association of Petroleum Geologists, Communica-
tions Department, P.O. Box 979, Tulsa, OK 74101.

Information on some occupations in the oil and gas extrac-
tion industry may be found in the 2000-01 Occupational Out-
look Handbook:

Blue-collar worker supervisors

Geologists geophysicists, and oceanographers
Material moving equipment operators
Petroleum engineers

Truckdrivers
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Aerospace Manufacturing

(SIC 372, 376)

SIGNIFICANT POINTS

Skilled production, professional specialty, and technician jobs comprise the bulk of employment.

Increased employment opportunities will stem primarily from continued growth in the

commercial aircraft sector.

® Earnings are substantially higher, on average, than in most other manufacturing industries.

Nature of the Industry

The aerospace industry is comprised of companies producing
aircraft, guided missiles, space vehicles, aircraft engines, pro-
pulsion units, and related parts. Aircraft repair and modifica-
tion, and aerospace research and development are also in-
cluded. The combination of advanced production processes,
a highly trained workforce, and significant research and de-
velopment has allowed U.S. industry to remain dominant in
the international market.

The aerospace industry can be divided into two large seg-
ments: firms producing aircraft, engines, and parts; and firms
producing guided missiles and space vehicles, propulsion
units, and parts. The larger employer of the two segments—
firms producing aircraft, engines, and parts—can be further
divided according to what they produce: civil aircraft or
military aircraft.

Firms producing civil transport aircraft comprise the larg-
est segment of civil aircraft. Civil transport aircraft are pro-
duced for air transit businesses such as airlines and cargo trans-
portation companies. These craft range from small turboprops
to jumbo jets and are used to move people and goods all over
the world. Another segment of civil aircraft is general avia-
tion aircraft. These aircraft are produced for private individu-
als and corporations. General aviation aircraft range from the
small two-seaters designed for leisure use to corporate jets
designed for business transport. The last segment of civil air-
craft, civil helicopters, are commonly used by police depart-
ments, emergency medical services, and businesses such as
oil and mining companies that need to transport people to re-
mote work sites.

Military aircraft and helicopters are purchased by gov-
ernments to meet national defense needs, such as deliver-
ing weapons to military targets and to transporting troops
and equipment around the globe. Some of these aircraft
are specifically designed to deliver a powerful array of
weaponry to military targets with tremendous maneuver-
ability and low detectability. Research into the materials,
eiectronics, and manufaciuring methods used o produce
military aircraft has resulted in a vast number of commer-
cial applications. Aircraft engines used in civil and mili-
tary aircraft are not produced by the aircraft manufacturers
but by aircraft engine manufacturers. These manufactur-
ers design and build engines that match the thrust of the
engine to the size and flight characteristics of the aircraft.
Aircraft manufacturers may use engines produced by dif-
ferent companies on one model aircraft, depending on the
ingtial design of the aircraft.
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The smaller segment of the aerospace industry includes firms
producing guided missiles and spacecraft. Firms producing
guided missiles and missile propulsion units are supported pri-
marily by military and government demands. Although mis-
siles are predominantly viewed as offensive weapons, improved
guidance systems have led to their increased use as defensive
systems. Applications of missile propulsion units also include
their use in launching satellites into orbit.

Space vehicles are predominantly satellites. Firms produc-
ing space vehicles also produce craft for space flight and inter-
planetary scientific exploration. Consumers of spacecraft in-
clude the National Aeronautics and Space Administration
(NASA), the Department of Defense (DOD), telecommunica-
tions companies, television networks, and news organizations.
Satellites, in addition to military uses, observe weather and the
Earth in general, monitor and explore the cosmos, aid in search
and navigation, and enable many communications services. The
businesses that build satellites are usually separate from the
businesses that operate them once they are in orbit.

About 1,828 establishments make up the aerospace indus-
try. Most are concentrated in the aircraft and parts sector, which
has about 1,726 establishments, compared to 102 in the guided
missiles and space vehicles sector. In the aircraft and parts
industry, most establishments are subcontractors that manu-
facture parts and employ fewer than 50 workers (table 1). In
contrast, almost 16 percent of the guided missile and space-
craft establishments employ over 1,000 workers each, com-
pared to less than 3 percent of the aircraft and parts firms.
Nevertheless, over 70 percent of the jobs in both aircraft and
parts and guided missiles and spacecraft are in large estab-
lishments that employ 1,000 or more workers (chart).

Table 1. Percent distribution of establishments in aerospace
manufacturing by establishment size, 1997

Guided missles

Establishment Aerospace Aircraft and space
size manufacturing and parts vehicles
(number of workers)

100.0 100.0 100.0

39.8 41.0 19.6

29.7 29.8 284

18.9 18.7 21.6

8.0 7.6 14.7

3.6 29 15.7

SOURCE: U.S. Department of Commerce, County Business Pattems,
1997
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Although the majority of establishments in
aerospace manufacturing employ fewer than
50 workers, most jobs are in large establishments
Percent
B Establishments 138
[J Employment
39.8
2.7
18.9
147
86 8.0
36
05 26 .
1109 101049 50 to 249 250 1o 999 1000+
Number of workers employed by establishment
Source: U.S. Department of Commerce, County Business Pattemns, 1997

The Federal Government traditionally has been the biggest
customer of the aerospace industry, accounting for more than
half of industry sales for many years. As defense purchases
have declined substantially in recent years, the value of sales
to the Government now accounts for about two-fifths of total
industry sales. The vast majority of Government contracts to
purchase aerospace equipment are awarded by DOD. NASA
also is a major purchaser of the industry’s products and ser-
vices, mainly for space vehicles and satellites. The decline in
defense purchases has increased the importance of civil avia-
tion customers, who now are the dominant customer segment.

The aerospace industry is dominated by a few large firms
that contract to produce aircraft with Government and private
businesses, usually airline and cargo transportation compa-
nies. These large firms, in tun, subcontract with smaller firms
to produce specific systems and parts for their vehicles. Gov-
emment purchases are largely related to defense. Typically,
DOD announces its need for military aircraft, satellites, or
missile systems, specifying a multitude of requirements. Large
firms specializing in defense products subsequently submit
bids, detailing proposed technical solutions and designs, along
with cost estimates, hoping to contract this new business.
Firms may also research and develop materials, electronics,
and components relating to their bid, often at their own ex-
pense, in order to enhance their chance of winning the con-
tract. Following a negotiation phase, a manufacturer is se-
lected and a prototype vehicle is developed and built, and then
tested and evaluated. If approved by DOD, the aircraft is put
into production. ‘

Commercial airlines and private businesses typically iden-
tify their needs for a particular model of new aircraft based on
a number of factors, including the routes they fly. After speci-
fying requirements such as range, size, cargo capacity, and
seating arrangements, the airlines invite manufacturers of civil
aircraft to submit bids. Selection is ultimately based on a
manufacturer’s ability to deliver reliable aircraft that best fit
the purchaser’s stated market needs at the lowest cost and at
favolrable financing terms.
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The way in which commercial and military aircraft are de-
signed, developed, and produced is undergoing significant
change in response to the need to cut costs, product develop-
ment time, and manufacturing time. Firms producing com-
mercial aircraft have reduced development time drastically
through computer-aided design (CAD), which allows firms
to design an entire aircraft, including the individual parts. The
electronic drawings of these parts are sent to subcontractors,
who use them to program their machinery. Recently, product
development teams are increasingly being used through ev-
ery phase of development, teaming customers, engineers, and
production workers together to make decisions concerning the
aircraft. Additionally, the military has changed its design phi-
losophy, using available commercial off-the-shelf technology
when appropriate, rather than developing new customized
components.

Working Conditions

The average aerospace production employee worked about 44
hours a week in 1998, compared to less than 42 hours a week
throughout manufacturing and less than 35 hours a week across
all industries.

Working conditions in aerospace manufacturing facilities
vary. Many new factories are spacious, well lit, and modem,
in contrast to older facilities. Work environments usually de-
pend on the occupation. Engineers, scientists, and technicians
frequently work in office settings or laboratories, although
production engineers may spend much of their time with pro-
duction workers on the factory floor. Production workers,
such-as welders and other assemblers, may have to cope with
high noise levels. Oil, grease, and grime are often present,
and some workers may face exposure to volatile organic com-
pounds found in solvents, paints, and coatings. Heavy lifting
is required for many production jobs.

Cases of work-related injury and illness in the aircraft and
parts sector were approximately 8.7 per 100 full-time work-
ers in 1998, higher than 3.2 per 100 workers in the guided
missiles sector. In comparison, cases of work-related injury
and illness throughout the private sector averaged 7.1 per 100
workers.

Employment
Aerospace manufacturing provided over 615,000 wage and
salary jobs in 1998—nearly 524,000 of them in the aircraft
and parts sector and nearly 92,000 in the guided missiles, space
vehicles, and parts sector. According to the most recent data
available from the Aerospace Industries Association, more than
4 out of 10 industry employees worked on civil aircraft, nearly
3 out of 10 worked on military aircraft, and another 3 out of
10 worked on guided missiles and space vehicles.

The largest numbers of aerospace jobs are in Califomnia,
although many are also located in Washington, Texas, Con-
necticut, Kansas, Florida, and Arizona. ’

‘Occupations in the Industry

The design and manufacture of the technologically sophisti-
cated products of the aerospace industry require the input
and skills of various workers. Skilled production, profes-
sional specialty, and technician jobs comprise the bulk of
employment. A significant number of employees are em-
ployed in managerial and administrative support occupations,
stemming from the need to manage the design process and .
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factory operations, coordinate the hundreds of thousands of
parts that are assembled into an aircraft, and ensure compli-
ance with Federal recordkeeping regulations. A larger pro-
portion of workers in the aerospace industry has education
beyond high school than the average for all industries.

The aerospace industry is on the leading edge of technol-
ogy and is constantly striving to create new products and
improve existing ones. The industry invests a great amount
of time and money on research and development, and much
of the work is performed by professionals and technicians—
who make up 29 percent of the aerospace workforce (table
2). Abachelor’s degree in a specialized field, such as engi-
neering, is required for many of these jobs; and a master’s or
doctoral degree is preferred for a few. Two years of techni-
cal training after high school is favored for many technician
occupations. 4

Professionals and technicians develop new designs and
advances to existing designs. Some also do basic aeronauti-
cal research. Aerospace engineers are integral members of
the teams that research, design, test, and produce aerospace
vehicles. Some specialize in areas such as structural design,
guidance, -navigation and control, and instrumentation and
communication. Electrical and electronics, industrial, and
mechanical engineers also contribute to the research, devel-
opment, and production of aerospace products. For example,
mechanical engineers help design mechanical components and
develop the specific tools and machines needed to produce
aircraft, missile, and space vehicle parts, or they may design
jet and rocket engines. Electrical and electronics engineers
specialize in electronic equipment used in aerospace products,
such as radar and other transmission and communication equip-
ment. Engineering technicians assist engineers, both in the
research and development laboratory, and on the manufactur-
ing floor. They may help build prototype versions of newly
designed products, run tests and experiments, and perform a
variety of other technical tasks. One of the earliest users of
computer-aided design software, the aerospace industry con-
tinues to use the latest computer technology. Computer sci-
entists, computer engineers, computer programmers, and sys-
tems analysts are responsible for the design, testing, evalua-
tion, and set-up of computer systems that are used throughout
the industry for design and manufacturing purposes. A multi-
tude of computer and electronic systems are central to the func-
tion of aerospace products, and computer professionals work
to integrate the vast array of data these systems provide into a
cohesive set of information useful to pilots.

Managers and administrators accounted for nearly 18 per-
cent of industry employment. Most persons advance to these
jobs from professional occupations. Many managers in the
aerospace industry have a technical or engineering background
and supervise teams of engineers in activities such as testing
and research and development. Industrial production man-
agers oversee all workers and lower-ievel managers in a fac-
tory. They also coordinate all activities that relate to produc-
tion. In addition to technical and production managers, finan-
cial managers, purchasing agents, cost estimators, and ac-
countants are needed to negotiate with customers and sub-
contractors and track costs.

Of all aerospace workers, 42 percent are employed in pro-
duction-related jobs in precision production, craft, and repair
occupations, and operator, fabricator, and laborer occupations.
Many of these jobs are not specific to aerospace and can be
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found in other manufacturing industries. Many production
jobs are open to persons with only a high school education;
however, special vocational training after high school is pre-
ferred for some of the more highly skilled jobs.

Precision production occupations make up a large part of
production jobs. Precision assemblers usually specialize in
one assembly task; hundreds of different assemblers may work
at various times on producing a single aircraft. Assemblers
may put together parts of airplanes, such as wings or landing
gear, or install parts and equipment into the airplane itself.
Those involved in assembling aircraft or systems must be
skilled in reading and interpreting engineering specifications
and instructions.

Table 2. Employment of wage and salary workers In aerospace
manufacturing by occupation, 1998 and projected change, 1998-
2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ............cccceeeeeveennuenn. 615 1000 219
Precision production, craft and
PEPAIN.........cceeeereeeecereeresre s e etesennens 174 28.2 19.4
Machinists 29 47 320
Inspectors, testers, and graders,

PreCision ..........cccceeececrenieeeseeecsenns 25 4.0 8.0
Blue-collar worker supervisors .......... 22 3.6 26.3
Aircraft mechanics and service

technicians.........cccocceeeeerueececennene 19 3.1 11.2
Aircraft assemblers, precision 16 2.7 19.5
Electrical and electronic equipment

assemblers ...........ccceeeeeeveeceennennee 1 18 238

Professional speclaity .......................... 137 22.3 26.7
Aerospace engineers...... 25 4.1 11.8
Mechanical engineers 15 2.5 27.4
Industrial engineers ...............c.c.c...... 14 24 31.2
Computer engineers and scientists .. 15 24 289
Electrical and electronics engineers .. 10 17 417
Systems analysts ..........cocoevereninnenee 7 1.2 85.9

Executive, administrative, and

managerial .............ccccoeeevecrnenreeceneenns 112 18.1 25.1
Engineering, mathematical, and

natural science managers 10 1.6 43.0
Purchasing agents ..........ccccceeeeeevenene 8 1.3 25.0
General managers and top

OXECULIVES .........cceeeeeeeeeeeecernenne 7 1.1 19.8

Operators, fabricators, and

laborers ..............coveiviirvenncininccenenne 87 14.2 23.6
Machine setters, setup operators,

and tenders...........ceeeeeereeceeeennnee 41 6.7 24.2
Hand workers, including assemblers

and fabricators.........ccoecveverrunnenne 33 5.4 23.6
Helpers, laborers, and material

movers, hand..........cccccevveeeeeeeenne 10 1.6 20.6

Administrative support, including

clerlcal ..........cccoeveveeceecnereceneecennennnne 54 8.9 11.9
Production planning and expediting

ClOFKS ....cceeeeeceeernecneeeeesneeeenaeee 1 18 1.9
General office clerks... 8 13 26.1
Secretanes............occuervevenerrerreneeneenns 7 1.2 -3.1
Technicians and related ....................... 40 6.4 18.2
Engineering technicians .................... 29 4. 234
Service ..........ocoeevreeeeeeeeeeeeeseeeeenees 8 1.3 15.3

All other occupations ........................... 4 0.6 26.0
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Machinists make parts when there are too few needed to be
mass-produced. They follow blueprints and specifications and
are highly skilled with machine tools and metalworking. Sheet
metal workers study blueprints to determine specifications for
the pieces they are shaping. They cut or punch out pieces they
need and finish by fastening the seams with bolts, rivets, or
other devices. Tool and die makers possess highly developed
skills. They are responsible for constructing precision tools and
metal forms, called dies, which are used to shape metal. In-
creasingly, as individual components are designed electroni-
cally, these skilled craft workers must be able to read electronic
blueprints and set up and operate computer-controlled machines.

Inspectors, testers, and graders are responsible for perform-
ing numerous quality and control and safety checks on aero-
space parts, from the beginning stages through the final pro-
duction. Their work is vital to ensure the safety of the aircraft.

The remaining jobs in the industry were in administrative
support, clerical, and service occupations. Most of these jobs
can be entered without education beyond high school. Work-
ers in administrative support and clerical jobs help coordinate
the flow of materials to the worksite, draw up orders for sup-
plies, keep records, and help with all of the other paperwork
associated with keeping a business functioning. Those in ser-
vice occupations were mostly employed as guards, janitors,
and food service workers.

Training and Advancement

Industry support of education and training is substantial. Due
to the constantly changing and advancing technology in the
aerospace industry, employers are interested in well-informed,
knowledgeable employees, who possess the skills needed to
keep up with advancements in the industry. Firms provide
on-site, job-related training to upgrade the skills of techni-
cians, production workers, and engineers. Classes featuring
computer skills and blueprint reading are common. Some firms
reimburse employees for educational expenses at colleges and
universities, emphasizing 4-year degrees and post-graduate
studies.

Professionals, such as engineers and scientists, require a
bachelor’s degree in a specialized field. For some jobs, par-
ticularly in research and development, a master’s or doctoral
degree may be preferred.

Production workers may enter the aerospace industry with
minimal skills. Mechanical aptitude and good hand-eye co-
ordination are usually necessary. A high school diploma is
preferred, but not required, and some vocational training in
electronics or mechanics is also favored.

Unskilled production workers typically start by being
shown how to perform a simple assembly task. Through ex-
perience, on-the-job instruction provided by other workers,
and brief, formal training sessions, they expand their skills.
Their pay increases as they advance into more highly skilled
or responsible jobs. For example, machinists may take addi-
tional training to become tool programmers or tool and die or
instrument makers. Inspectors are usually promoted from as-
sembly, machine operation, and mechanical occupations.

Due to the increasing reliance on computers and computer-
operated equipment, classes in computer skills are becoming
more common. With training, production workers may be
able to advance to supervisory or technician jobs.

To enter some of the more highly skilled production occu-
~-~ey~ workers must go through a formal apprenticeship
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before they can become fully qualified for their positions.
Machinists, sheetmetal workers, and electricians go through
apprenticeships that can last up to 4 years. Apprenticeships
usually include classroom instruction and shop training.
Entry level positions for technicians usually require a de-
gree from a technical school or junior college. Companies

. sometimes retrain technicians to upgrade their skills or to
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teach different specialties. They are often taught traditional
as well as new production technology skills, such as com-
puter-aided design and manufacturing and statistical process
control methods.

Earnings
Production workers in the aerospace industry eam higher pay
than the average for all industries. Weekly earnings for pro-
duction workers in aerospace manufacturing averaged about
$844 in 1998, compared to $563 in all manufacturing, and $442
in all private industry. Above average earnings are due in part
to the high levels of skill required by the industry, the high cost
of aerospace products, and the need to motivate workers to con-
centrate on maintaining high quality standards in their work.
Non-production workers, such as engineering managers, engi-
neers, and computer specialists, generally command higher pay
due to their advanced education and training.

Earnings in selected occupations in aerospace manufactur-
ing appear in table 3.

Table 3. Medlan hourly earnings of the largest occupations In
alrcraft and parts manufacturing, 1997

Aircraft and

Occupation parts All industries
Aeronautical and astronautical

BNGINBOIS ...ovvureeeenneesresseresssessssereaes $34.69 $32.95
Mechanical engineers ............cceeveeunnene 24.89 24,33
First-line supervisors and managers/

supervisors-production and operating

WOTKOFS ...coveereneeneiisuneniissessnessesaessosenns 20.70 16.62
Aircraft structure, surfaces, rigging, and

systems assemblers, precision .......... 19.65 16.63
Mechanical engineering technicians and

technologists .........cccevuvinieevnrenennennne 18.52 18.17
Precision inspectors, testers, and

Graders ... 17.03 12.74
Machinists 15.48 13.38
Aircraft mMEChaNICS ......ccccveevvverernerscrncnnnnns 15.23 17.80
Production inspectors, testers, graders,

sorters, samplers and weighers ......... 14.41 10.15
Assemblers and fabricators, except

machine, electrical, electronic,

and precision...........ceeeeeneene eeereereneens 11.39 9.25

In 1998, 30 percent of all workers in the aircraft and parts
sector and 13 percent of workers in the guided missiles and
space vehicles sector were union members or were covered
by union contracts, compared to 15.4 percent of all workers
throughout private industry. Some of the major aerospace
unions include the International Association of Machinists
and Aerospace Workers; the United Automobile, Aerospace,
and Agricultural Implement Workers of America; and the

Intcmatiz)ngnion of Allied Industrial Workers of America.
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Outiook

Employment in the aerospace industry is expected to increase
by 22 percent over the 1998-2008 period, compared to the 15
percent growth projected for all industries combined. In the
large aircraft and parts sector of the industry, employment is
projected to grow by 25 percent, whereas employment in the
smaller guided missiles and space vehicles sector is expected
to increase by about 3 percent. Factors affecting the employ-
ment outlook in the aerospace industry include Federal de-
fense expenditures, commercial aircraft sales, the growth of
telecommunications, and exports. ‘

Federal defense expenditures on the products of the aero-
space industry have fallen dramatically since the late 1980s.
During most of the 1980s, large defense purchases of aircraft
and missiles, together with support of research to develop new
military aerospace equipment, kept employment and output
at a high level. Large cuts in Federal defense spending have
caused an ongoing restructuring of the defense aerospace in-
dustry, and significant declines in employment, as firms ad-
just to the new, lower spending levels. Some companies are
selling their defense-oriented business and others are merg-
ing. Although the aerospace industry is less dependent on
defense spending than in the past, defense purchases still sup-
port a significant number of aerospace workers. Defense
spending, although not expected to decline further, is not ex-
pected to return to previous levels (chart).

Although new employment opportunities will be limited
in the defense-related sector of the aerospace industry, they
should be much better in the sector supported by civilian avia-
tion. Employment growth is expected in the production of
commercial aircraft for both domestic and export purposes.
Air passenger traffic is expected to increase at a healthy pace
over the projection period. Also, aging aircraft may have
trouble meeting worldwide and domestic fuel emissions and
noise standards, requiring replacement or modification.

Commercial aircraft sales have been strong and they are
expected to remain strong through 2008. Air travel has been
rapidly growing over the years. In addition, environmental

Employment in aerospace manutacturing is
projected to grow more slowly than in the late 1980s
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and safety concerns have highlighted the benefits of newer
aircraft. As a result, airlines are purchasing more planes to
meet the increased demand and to upgrade their fleets.

The expanded use of the Intemnet, direct broadcasting, and
wireless communications services, such as cellular telephones
and pagers, have increased the need for telecommunications
equipment. Because satellites are widely used in telecommu-
nications, this trend should spur further growth in the aero-
space manufacturing industry.

Commercial exports have been rising strongly for years,
reflecting the growth in overseas markets. Collaboration be-
tween domestic and foreign companies is becoming increas-
ingly common as manufacturers seek to win sales in these
growing markets and to share the substantial risks and costs
of developing and producing new aerospace products. In ad-
dition to commercial exports, foreign military sales are also
expected to bolster defense contractors, as countries around
the world meet their defense needs with U.S. jet fighters, trans-
ports, and helicopters.

The continuing focus on advanced technology in aerospace
manufacturing will lead to significant employment growth
among professional specialty workers. Employment of engi-
neers, for example, is expected to grow by 24 percent over the
1998-2008 period. Replacement needs also will be signifi-
cant because large numbers of engineers who entered the in-
dustry in the 1960s are approaching retirement. Demand for
computer engineers, computer scientists, and systems analysts
is also expected to be very strong. Overall, professionals in
the aerospace industry usually enjoy more employment sta-
bility than other workers. During slowdowns in production,
companies prefer to keep technical teams intact to continue
research and product development activities, in anticipation
of new business. Production workers, on the other hand, are
particularly vulnerable to layoffs during downturns in the
economy when aircraft orders decline.

Sources of Additional Information
For additional information about the aerospace industry
write to:

» Acrospace Industries Association of America, Communica-
tions Department, 1250 Eye St. NW., Washington, DC 20005.
Internet: http://www.aia-aerospace.org

» American Institute of Aeronautics and Astronautics, Inc., Suite
500, 1801 Alexander Bell Dr., Reston, VA 20191-4344,
Internet: http://www.aiaa.org

Information on the following occupations may be found in
the 2000-01 Occupational Outlook Handbook.

Aerospace engineers

Aircraft mechanics and service technicians
Blue-collar worker supervisors

Coinpuier engineers and scientists

Computer systems analysts

Electrical and electronics engineers

Engineering technicians

Machinists and numerical tool and process control
programmers

Mechanical engineers

Metalworking and plastics-working machine operators
Precision assemblers

Tool and die makers

Welders, cutters, and welding machine operators
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Apparel and Other Textile Products

(SIC 23)

] SIGNIFICANT POINTS o

® Nearly half of all workers are sewing machine operators.

® Primarily due to increased imports and new technology, appa're| manufacturing is projected to
lose 178,000 jobs—more than almost any other industry—over the 1998-2008 period.

® Average earnings are below those of other manufacturing industries.

Nature of the Industry

The range of apparel and other textile products is as broad as
their uses—suits, rainwear, fur coats, purses, and curtains are
just a few examples. Workers in the apparel industry trans-
form fabrics produced by textile manufacturers into these fin-
ished goods and many others that fill the Nation’s retail stores.
By cutting and sewing fabrics or other materials, such as
leather, rubberized fabrics, plastics, and furs, workers in this
industry help to keep us warm, dry, and in style.

As in other industries, technological advances, globaliza-
tion, and changing business practices are affecting the apparel
industry. One significant change is the increased emphasis on
quick response to customer demand. This ability is vital in an
industry that sells its products in an ever-changing, fashion-
conscious market. Quick response capability links apparel
producers more closely to related firms in the textile and re-
tail sectors of the economy. Aided by communications tech-
nology, such as electronic data interchange, point of sale ter-
minals, and bar codes, information is instantaneously com-
municated to and received from firms in these industries.

Other technologies affecting the apparel industry include
computerized equipment and material transport systems.
Computers and computer-controlled equipment aid in many
functions, such as design, marking, and cutting. Overhead
conveyor systems transport material between sewing machine
operators and between processes. Despite these changes, how-
ever, the apparel industry—especially its sewing function—
has remained significantly less automated than many other
manufacturing industries.

The apparel industry traditionally has consisted of produc-
tion workers who perform a specific function in an assembly
line. This organizational philosophy increasingly is being re-
placed by a team concept, in which garments are made by a
group of sewing machine operators organized into production
“modules.” Each operator in a module is trained to perform
nearly all of the functions required to assemble a garment.
Each team is responsible for its own performance, and indi-
viduals usually receive compensation based on the team’s per-
formance. These changes have greatly altered the atmosphere
and responsibilities from those of the traditional assembly line.

Fierce competition from abroad has prompted these changes
in work structure and technology. Apparel firms also have
responded to growing competition by merging and employ-
ing workers in other countries to perform some production
functions. Workers in lower-wage countries are increasingly
being hired to assemble garments—the most labor-intensive
-7~ the production process—whereas U.S. workers now
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perform a greater share of the pre-assembly functions and
coordinate the process. Such changes in the nature of the do-
mestic apparel industry will certainly continue as globaliza-
tion proceeds.

Working Conditions

Working conditions depend on the age of the facility, the equip-
ment used, and company policies. Sewing machine operators
and other production workers work an average of 37.3 hours
weekly, but overtime is common during periods of peak pro-
duction. Some firms in the industry operate several shifts and
may require employees to work nights or weekends. As more
expensive machinery is introduced, companies may add shifts
to keep expensive machines from being idle.

Factories are generally clean, well lit, and well ventilated,
but sewing areas may be noisy. Operators often sit for long
periods of time and lean over machines. New ergonomically
designed chairs and machines that allow workers to stand dur-
ing operation are some ways that firms seek to minimize dis-
comfort for production workers. Another concern for work-
ers is injuries caused by repetitive motions. The implementa-
tion of modular units and specially designed equipment re-
duces potential health problems by lessening the stress of re-
petitive motions. In 1997, cases of work-related injury and

‘illness in the apparel industry averaged 7.0 per 100 workers,

lower than the 10.3 average in all manufacturing industries,
and about the same as the 7.1 rate for all industries.

The movement away from traditional piecework systems
often results in a significant change in working conditions.
Modular manufacturing involves teamwork, increased respon-
sibility, and greater interaction among coworkers than tradi-
tional assembly lines.

Employment

The apparel industry provided about 763,000 wage and salary
jobs in 1998. As shown in table 1, employment is concen- .
trated in three segments of the industry. Women’s and misses’
outerwear accounts for about 28 percent of the industry’s
employment; men’s and boys’ furnishings, 25 percent; and
miscellaneous fabricated textile products, 29 percent. To-
gether, these segments employ 4 out of every 5 workers in the
industry.

Most jobs are found in eight States: Alabama, California,
Georgia, New York, North Carolina, Pennsylvania, Tennes-
see, and Texas. The industry had about 24,000 establishments
in 1998, with employment concentrated in large firms. Three
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out of four jobs are in establishments with 50 or more work-
ers (chart).

Table 1. Percent distribution of establishments and employment
In apparel and other textile products, 1997

Industry segment Establishments Employment

TOtal ...ttt et e ne e 100.0 100.0
Miscellaneous fabricated textile

PrOAUCES .....cccvviiiircceninnee e eeene 42.0 28.8
Women's and misses’, outerwear .... 36.9 27.9
Men'’s and boys’ furnishings ............. 9.3 25.3
Girl’s and children’s outerwear ................ 2.5 4.1
Women'’s and children’s

undergarments.............ccoeeeeeeeeecrenennens 1.6 3.9
Men'’s and boys’ suits and coats 1.2 3.9
Miscellaneous apparel and

ABCCOSSONIOS .....ceevrrereereecrerreseessessanrananes 3.9 3.7
Hats, caps, and millinery 1.7 2.4
FUr goods .........ccminniicniininneennccnenens 0.5 0.1

SOURCE: U. S. Department of Commerce, County Business Patterns,
1997

Occupations in the Industry

Although a variety of workers are needed to produce apparel
and other textile products, operators, fabricators, and laborers
account for about 70 percent of total employment in the in-
dustry. About half of all workers are sewing machine opera-
tors (table 2).

Fashion designers are the artists of the apparel industry.
They create ideas for a range of products including coats,
dresses, hats, handbags, and underwear. Some are self-em-
ployed and work with individual clients, while others cater to
fashion specialty stores or high-fashion department stores.
Most fashion designers work for apparel manufacturers or
retailers, adapting fashion trends for specific markets.

Before sewing can begin, pattern pieces must be made,
layouts determined, and fabric cut. Patternmakers create
the “blueprint” or pattern pieces for a particular apparel de-
sign. This often involves “grading,” or adjusting the pieces

Three out of 4 jobs in apparel and other textile products
are in establishments with 50 or more workers
Percent
52.7 Il Establishments
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for different sized garments. Grading once was a time-con-
suming job, but now it is quickly completed with the aid of a
computer. Markers determine the best arrangement of pat-
tern pieces to minimize wasted fabric. Traditionally, mark-
ers judged the best arrangement of pieces by eye; today, com-
puters quickly help determine the best layout.

Table 2. Employment of wage and salary workers In apparel and
other textile products by occupation, 1998 and projected change,
1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ...............ccccoeeverennnee. 763 100.0 -23.3
Operators, fabricators, and laborers... 533 69.8 -24.9
Sewing machine operators,
garment.........cceviiiniiinnieceenennes 287 37.5 -36.2
Sewing machine operators,
non-garment ............cccceceereeueenennnn. 63 8.2 0.1
All other assemblers, fabricators,
and hand workers..............c.cecevenene 35 45 -6.5
Hand packers and packagers ........... 22 2.8 -14.6
Textile draw-out and winding
machine operators ....................... 20 2.6 -15.5
Pressing machine operators and
tenders, textile, garment, and
related materials..............ccccu........ 13 17 -42.5
Freight, stock, and material movers,
hand ......cccccvveevenenieeneereneeeeenee. 13 17 -31.7
Cutters and trimmers, hand .............. 12 1.6 -27.1
All other-helpers laborers and material
movers, hand..........cceeeveeeeereenn, 1" 1.4 -10.7
Cutting and slicing machine setters,
operators, and tenders.................. 10 1.3 -17.6
Screen printing machine setters ....... 7 1.0 4.9
Precision production, craft, and
FEPAIr ... 89 1.7 -18.5
Blue-collar worker supervisors........... 26 3.4 -16.9
Inspectors, testers, and graders ....... 24 3.1 -31.7
Patternmakers and iayout workers,
fabric and apparel .............cccoeuu.n. 12 1.5 -4.5
Industrial machinery mechanics........ 10 1.3 -15.0
Administrative support, including
clerlcal .........evvvviininreeeerereeene 69 9.0 -25.1
Shipping, receiving, and traffic
ClOMKS .....coneireiireireiceirtnrnene e ceeaene 17 2.2 -26.6
Financial records processing
occupations ...........cceveereeveeeeeenene 12 1.6 -31.9
General office clerks...............c.c...... 9 1.2 -16.6
Executlive, admlnlstratlve, and
managerial............c...ooevervenrrnnennrennn. 35 4.6 -171
General managers and top
executives ........... 14 19 -141
Marketing and sales ... 17 2.2 -15.9
Professional speciaily ... 1 15 2.7
All other occupations 9 1.2 -27.5

The layout arrangement is then given to cutters. In less
automated companies, cutters may use electric knives or cut-
ting machines to cut pattern pieces. In more automated facili-
ties, markers electronically send the layout to a computer-con-
trolled cutting machine, and the cutter monitors the machine’s
work. As aresult, computer-controlled machine operators are
replacing many cutters.
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Sewing machine operators assemble or finish clothes or
other goods such as curtains and purses. Most sewing func-
tions are specialized and require the operator to receive spe-
cific training. Although operators specialize in one func-
tion, the trend toward cross-training requires them to broaden
their skills.

Cutters, trimmers, inspectors and pressers receive a gar-
ment after it has been assembled. Cutters, trimmers, and
inspectors finish the product by trimming loose threads.
Pressers eliminate wrinkles and give shape to finished prod-
ucts. Most pressers use specially formed, foot-controlled

* pressing machines to perform their duties. Some pressing
machines now have the steam and pressure controlled by
computers.

Training and Advancement

Most production workers are trained on the job. Although a
high school diploma is not required, some employers prefer
it. Basic math and computer skills are important for com-
puter-controlled machine operators.

Cutters and pressers are trained on the job, while
patternmakers and markers usually have technical or trade
school training. All of these workers must understand textile
characteristics and have a good sense of three-dimensional
space. Traditional cutters need exceptional hand-eye coordi-
nation. Computers are becoming a standard tool for these
occupations as patternmakers and markers increasingly de-
sign pattern pieces and layouts on a computer screen, SO new
entrants will help themselves by learning computer skills.
Those running automatic cutting machines could need techni-
cal training, which is available from vocational schools.

Sewing machine operators must have good hand-eye coor-
dination and dexterity, as well as an understanding of textile
fabrics. They normally are trained on the job for a period of
several weeks to several months, depending on their previous
experience and the function for which they are training. Set-
ting a sleeve, for example, is more complicated and requires
more training than sewing a side seam. In general, though,
new machinery greatly reduces the required skill level and
training needed to perform many functions.

Modular manufacturing requires operators to perform more
than one function, so they are usually trained to perform sev-
eral duties. In addition to this functional training, workers in
a modular system may also be offered courses in the interper-
sonal and communication skills necessary to work as partof a
team. Further, the added responsibility of self-managing their
modules may lead these workers to receive training in prob-
lem solving and management.

Designers need a good sense of color, texture, and style. In
addition, they must understand the construction and charac-
teristics of specific fabrics, such as durability and stiffness.
This specialized training usually is obtained through a univer-
sity or design school that offers 4-year or 2-year degrees.

Those interested in engineering or production management
need a bachelor’s degree. Degrees in mechanical, chemical,
or industrial engineering are common, but related studies may
also be accepted. A few programs offer concentrations in ap-
parel and textile production that focus on the unique charac-
teristics and issues associated with apparel production. Uni-
versities offering these specializations are generally found in
the South and Northeast.
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Earnings

Average weekly earnings for production workers were $318
in 1998, significantly lower than the overall $563 per week in
manufacturing and $442 in the entire private sector. Table 3
shows average weekly and hourly earnings in various segments
of the apparel industry.

Table 3. Average earnings of nonsupervisory workers in the
apparel and other textile products Industry, 1998

Industry segment Weekly Hourly
Total, private industry $442 $12.77
Apparel and other textile products .......... 318 8.52
Miscellaneous fabricated textile
ProduUCLS .....coccermiriiiininnnseseesne 368 9.39
Men’s and boy's suits and coats ........ 324 8.69
Miscellaneous apparel and
ACCOSSOMBS ...veeveennerrerrreriniessnnnnnns 300 8.15
Women'’s and children’s
undergarments .........cccceeeeneinnins 300 8.14
Women's and misses’ outerwear ....... 297 8.18
Girl's and children's outerwear ........... 295 8.07
Men's and boy's furnishings ............... . 292 7.98

Earnings in selected occupations in apparel and other tex-
tile products appear in table 4. Traditionally, sewing machine
operators are paid on a piecework basis determined by the
quantity of goods they produce. Many companies are chang-
ing to incentive systems based on group performance that con-
sider both the quantity and quality of the goods produced. A
few companies pay production workers a salary.

Table 4. Median hourly earnings of the largest occupations In
apparel and other textiie products, 1997

Apparel
and other
textile All

Occupation products industries
General managers and top executives ... $26.01 $26.05
First-line supervisors and supervisor/

managers-production and operating

WOTKOFS .cveenrrenneeececenninnistnssnnnasassnesnes 11.38 16.62
Assemblers and fabricators, except

machine, electrical, electronic,

and PrecisSion ........covvvereerennesessesceenne 9.02 9.25
Shipping, receiving, and traffic clerks ..... 8.02 10.29
Textile machine operators and tenders,

winding, twisting, knitting, weaving,

and cutting .. 7.88 9.03
Sewing machine, non-garment................ 7.57 7.91
Production inspectors, testers, graders,

sorters, samplers, and weighers ........ 7.56 10.15
Pressing machine operators and tenders,

textile, garment, and related

materials ... 7.45 7.09
Hand packers and packagers .................. 6.83 6.90
Sewing machine operators, garment ...... 6.69 6.92

The apparel industry has a relatively low unionization rate;
about 8.5 percent of apparel workers are union members or

= Q
. S



are covered by a union contract, compared with 15.4 percent
for the economy as a whole. The major union in the apparel
industry is the Union of Needletrades, Industrial, and Textile
Employees (UNITE), which was formed in 1995 from the In-
ternational Ladies’ Garment Workers Union and the Amal-
gamated Clothing and Textile Workers Union.

Outlook

Wage and salary employment in the apparel industry is ex-
pected to decline 23 percent through 2008, while employment
throughout the economy is projected to increase 15 percent.
The expected decline translates into 178,000 lost jobs over
the period—greater than almost any other industry. Declin-
ing employment will be caused by growing imports, new au-
tomation, and fierce cost-cutting pressures imposed by retail-
ers and international competition. Nevertheless, some job
openings will arise as experienced workers transfer to other
industries, retire, or leave the workforce.

Changing trade regulations are the single most important
factor influencing future employment patterns. Because the
apparel industry is labor-intensive, it is especially vulnerable
to import competition from nations in which workers receive
lower wages. The protection provided to the domestic ap-
parel industry over the past two decades will be significantly
reduced in coming years, enabling more apparel imports.
Because many U.S. firms will continue to move their assem-
bly operations to low-wage countries, this trend is likely im-
pact lower-skilled machine operators most severely. It will
not, however, have as adverse an effect on the demand for
some of the pre-sewing functions, such as designing and cut-
ting, because much of the apparel will still be designed and
cut in the United States.

New technology will increase the apparel industry’s pro-
ductivity, but unlike other industries, the apparel industry is
likely to remain labor-intensive. The variability of cloth and
the intricate cuts and seams of the assembly process have been
difficult to automate. Machine operators, therefore, will con-
tinue to perform most sewing tasks, and automated sewing
will be limited to simple functions. In some cases, however,
computerized sewing machines will increase the productivity
of operators and reduce required training time.
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Technology also is increasing the productivity of work-
ers who perform other functions such as designing, mark-
ing, cutting, and pressing. Computers and automated ma-
chinery will continue to lift productivity and reduce the
demand for workers in these areas, but the growth in de-
mand for their services generated by offshore assembly sites
will help to moderate this decline. These workers also will
benefit from the increasing rate at which fashions change,
which will produce greater demand for workers who are
employed in firms in the United States that have quick re-
sponse capabilities.

Cost-cutting pressures will be applied to all workers in the
apparel and textile industries by continuing changes in the
market for apparel goods. As consumers become more price-
conscious, retailers gain bargaining power over apparel pro-
ducers, and increasing competition limits the ability of pro-
ducers to pass on costs to consumers, apparel firms are likely
to respond by relying more on foreign production and boost-
ing productivity through investments in technology and new
work structures. These responses will adversely affect em-
ployment of American apparel workers.

Sources of Additional Information

Information about job opportunities in technical and design
occupations can be obtained from colleges offering programs
in textile and apparel engineering, production, and design. For
information about career opportunities, trade developments,
and technology, contact:

> American Apparel Manufacturing Association, 2500 Wilson
Blvd., Suite 301, Arlington, VA 22201.
Internet: http://www.americanapparel.org

Information on many occupations in apparel manufactur-
ing, including those listed below, appears in the 2000-01 Oc-
cupational Outlook Handbook:

Apparel workers

Designers

Engineers

Textile machinery operators
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Chemicals Manufacturing, Except Drugs

(SIC 28, except 283)

 SIGNIFICANT POINTS | R

Employment is projected to decline.

Most jobs in research and development require substantial technical education after high
school, but opportunities exist for persons with degrees ranging from a 2-year associate degree

up to a doctorate.

Production workers earn more than in most industries.

Nature of the Industry
Passing a large chemical plant, one might see a large maze of
tanks, pressure vessels, and twisting pipes, but most of us do
not realize that goods produced by chemical plants account
for over six percent of the total value of manufacturing in the
United States. Although some chemical manufacturers pro-
duce and sell consumer products such as soap, bleach, and
cosmetics, most chemical products are used as intermediate
products for other goods.

Chemical manufacturing is divided into eight segments,
seven of which are covered here. These industry segments in-
clude plastics materials, cleaning preparations, inorganic chemi-
cals, organic chemicals, miscellaneous chemicals, agricultural
chemicals, and drug manufacturing. The eighth segment, drug
manufacturing, is covered in a separate Career Guide statement.

The largest employer of the segments included here is the
plastics materials and synthetics industry, which produces a
wide variety of finished products as well as raw materials.
Some of these include polypropylene, polyvinyl chloride
(PVC), and polystyrene, which can be made into products
such as loudspeakers, PVC pipes, and beverage bottles; the
automotive manufacturers are particularly large users of these
products. Another segment of the industry includes firms
making soaps, detergents, and cleaning preparations. Cos-
metics and toiletries are also included in this segment. House-
holds and businesses use these products in many ways, clean-
ing everything from babies to bridges. This is the only seg-
ment of the chemical industry in which much of the produc-
tion is geared directly toward consumers.

The industrial organic chemicals segment produces chemi-
cals that contain carbon and are made primarily from petro-
leum and natural gas, and are often referred to as petrochemi-
cals. Although organic chemicals are used to make dyes, plas-
tics, and pharmaceutical products, most of these chemicals
are used in the production of other chemicals.

Industrial inorganic chemicals are usually made from salts,
other minerals, and metal compounds. This segment also in-
cludes industrial gases such as oxygen, nitrogen, and helium.
Inorganic chemicals are often used by businesses as reaction
aids. Other chemical companies are the largest single cus-
tomer of this segment.

The fifth largest employer in the chemical industry is the
miscellaneous chemical product sector. This segment manu-
factures adhesives, explosives and fireworks, inks, and many
other products used by consumers or in the manufacture of
"ﬂ'@' nroducts.
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The paints and allied products segment includes paints,
varnishes, lacquers, putties, paint removers, sealers, and stains.
The construction and furniture industries are large customers
of this segment. Other customers range from individuals re-
furbishing their homes to businesses that need anti-corrosive
paints that can withstand high temperatures.

Finally, the segment employing the fewest number of work-
ers in the chemical industry is agricultural chemicals. This
segment supplies farmers and home gardeners with fertiliz-
ers, herbicides, pesticides, and other agricultural chemicals.

Chemicals are generally classified into two groups—com-
modity chemicals and specialty chemicals. Commodity chemi-
cal manufacturers produce large quantities of basic and rela-
tively inexpensive compounds using large plants often built
specifically to make one chemical. Specialty chemical manu-
facturers commonly produce smaller quantities of more ex-
pensive chemicals that are used less frequently. Specialty
manufacturers often supply larger chemical companies on a
contract basis. Many traditionally commodity chemical manu-
facturers are becoming specialty chemical manufacturers to
better compete.

Table 1. Distribution of employment in chemicals and allied
products, 1998

Industry Employment Percent

Total, all industries .........ccccoeevveeeceennnnnens 763,800 100.0
Plastics materials and synthetics ....... 167,000 20.6
Soaps, cleaners, and toilet goods ..... 155,500 20.4
Industrial organic chemicals............... 137,700 18.0
Industrial inorganic chemicals ............ 115,400 15.1
Miscellaneous chemicals..................... 93,900 123
Paints and allied products .. 52,300 6.8
Agricultural chemicals ........................ 52,000 6.8

The diversity of products produced by the chemical industry
also is reflected in the establishments that comprise it. For ex-
ample, firms producing plastics materials operated relatively
large plants in 1997. This segment had 8 percent of the report-
ing establishments, yet employed almost 21 percent of those
working in the chemical manufacturing industry. On the other
hand, manufacturers of paints and allied products had a greater
number of establishments, each employing a much smaller num-
ber of workers. This segment comprised over 14 percent of the
establishments in the chemical industry, yet employed only 8
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percent of all workers. The average workplace in the chemical
industry ranged from 138 workers in the plastics materials seg-
ment to 35 workers in the soaps and cosmetics segment.

The chemical industry segments vary in the degree to which
their workers are involved in production activities, adminis-
tration and management, or research and development. In-
dustries that make products such as cosmetics or paint that are
ready for sale to the final consumer employ more administra-
tive and marketing personnel. Industries that market their
products mostly to industrial customers generally employ a
greater proportion of precision production workers and a lower
proportion of unskilled labor.

Chemical firms are concentrated in areas abundant with
other manufacturing businesses, such as in the Great Lakes
region near the automotive industry, or on the West Coast near
the electronics industry. Chemical plants are also located near
the petroleum and natural gas production centers of the South.
Because chemical production processes often use water and
chemicals are exported all over the world, primarily by ship,
major industrial ports are another common location of chemi-
cal plants. California, Illinois, New Jersey, New York, Ohio,
Pennsylvania, South Carolina, Tennessee, and Texas had about
50 percent of the establishments in the industry.

Working Conditions
Manufacturing chemicals usually is a continuous process; this
means that once a process has begun, it cannot be stopped
when it is time for workers to go home. Split, weekend, and
night shifts are common, and workers on such schedules are
usually compensated with higher rates of pay. As a result, the
average workweek in the chemical industry was over 43 hours
in 1998, over 2 hours longer than the average for nondurable
manufacturing industries, and over 8 hours longer than the
average for all private industries. The industry employs rela-
tively few part-time workers.

The plants usually are clean, although the continually run-
ning machines sometimes are loud. Hardhats and safety
goggles are worn throughout the plant.

[ _
Establishments with fewer than 250 employees
account for half of chemical manufacturing jobs
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ERIC

Aruitoxt provided by Eic:

50

Hazards in the chemical industry can be substantial, but
they are generally avoided through strict safety procedures.
Workers require protective gear and extensive knowledge of
the dangers associated with the chemicals being handled. Body
suits with breathing devices designed to filter out any harmful
fumes are mandatory for work in dangerous environments.

In spite of the hazards of working with chemicals, exten-
sive worker training on handling hazardous chemicals and
chemical company safety measures have resulted in injury and
illness rates for some segments of the chemical industry that
are much lower than the average for the manufacturing sec-
tor. The chemical industry reported just 4.8 cases per 100
workers of work-related injury or illness, compared to an av-
erage of 10.3 cases for all manufacturing industries in 1997.

Employment

The chemical and allied products industry employed about
763,800 wage and salary workers in 1998, about 4.1 percent
of the total number employed in manufacturing and over 10
percent of the total number employed in nondurable goods
manufacturing . Most segments of the industry had substan-
tial numbers of jobs, as shown in table 1. Employment in the
chemical industry has declined recently as chemical compa-
nies have increased productivity and reduced costs by elimi-
nating all but the most essential personnel.

Occupations in the Industry

Over half of those employed in the industry work in precision
production, craft, and repair and operator, fabricator, and la-
borer occupations. Another one-quarter work in executive,
managerial, and administrative occupations. The third larg-
est group, with about one-fifth of chemical industry employ-
ment, are in professional specialty, technical, and marketing
occupations. The remaining workers are in service and re-
lated occupations (table 2).

Production. Workers in production occupations operate and
fix plant machinery, transport raw materials, and monitor the
production process. Improvements in technology gradually
are increasing the level of plant automation, reducing the num-
ber of jobs in production occupations. Although high school
graduates qualify for most entry level production jobs, ad-
vancement into better paying jobs, requiring higher skills or
more responsibility, is possible with on-the-job training and
work experience or through additional vocational training at
a 2-year technical college.

Chemical plant and system operators monitor the entire
production process. From chemical ingredient ratios to chemi-
cal reaction rates, the operator is responsible for the efficient
operation of the chemical plant. Chemical plant operators
advance to these positions generally from among the most
experienced production workers, usually after having acquired
cxtensive experience and technical training in chemical pro-
duction processes. Experienced operators sometimes advance
to senior supervisory positions.

Chemical equipment controllers monitor the flow and mix
ratios of chemicals moving through production equipment.
Experienced workers advance to controller positions after dem-
onstrating their ability to handle more responsibility in lower
skilled jobs. Sometimes new engineers in training are tempo-
rarily assigned to controller positions to learn the production
process first-hand. Undergraduate engineering students in co-
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operative education programs also may work in these posi-
tions temporarily as a means of gaining hands-on experience
in their field before graduating from college.

Table 2. Employment of wage and salary workers In chemical
and allied products by occupation, 1998 and projected change,
1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ...........ccccevvecnccnnnnnen 764 100.0 -3.9
Operators, fabricators, and laborers ... 274 35.9 1.6
Chemical equipment controllers ....... 50 6.5 16.2
Helpers, laborers, and material
movers, hand.........cccceevvnnenenecens 43 5.6 -5.0
Packaging and filling machine
[o]o1:T1:1 o] £ J OO 31 4.0 114
Crushing, grinding, mixing and
blending machine operators ........ 28 3.7 -3.1
Hand workers, including
assemblers and fabricators ......... 25 3.2 1.7
Truck driVers .......cccceveesueininscnneseensenn 13 1.8 -7.0
Extruding and forming machine
operators, synthetic or glass
fIDOIS ceeoeeeeceerereceeeecreee e seeane 13 1.8 7.7
Industrial truck and tractor
OPBFatOrS .......coveeeereeeceereerunensesseens 8 11 -3.2
Textile draw-out and winding
machine operators .........c..ceecueeene 9 1.2 -22.5
Precision production, craft, and
[ =1 - 1| RO 170 222 -4.6
Blue-collar worker supervisors 42 5.4 -5.9
Chemical plant and system
OPErators ........cccevvsuesinsessesuinenne 36 47 10.6
Maintenance repairers, general
7141114 OO 19 25 -15.0
Industrial machinery mechanics........ 21 2.8 -4.3
Inspectors, testers, and graders ....... 11 15 -18.2
Administrative support, Including
clerlcal ...t 86 11.2 -13.8
Secretaries ......c..coevveeueeiennnneneens 16 241 -24.4
Shipping, receiving, and traffic
ClOIKS ...cove ettt P 1 1.4 -11.2
General office clerks.. 10 1.4 -3.8
. Bookkeeping, accounting, and
auditing clerks .........ccoovevvenennnn. 8 11 -21.8
Executlve, managerlal, and
adminlistrative ..............cccccevvnieuinnnnnn. 88 1.5 -6.1
Management support occupations.... 26 3.5 7.4
General managers and top
OXECULIVES .....covvreriniriniiniinccrecnennes 16 241 -6.9
Industrial production managers ........ 11 1.5 -6.9
Engineering, science, and computer
and information systems
MANAJEIS ....covvenririneieinrinissnnsennns 6 0.8 11.8
Marketing, advertising, and public
relations managers...........ccouueeee 8 1.0 -2.1
Professlonal specialty .......................... 65 8.6 2.2
Chemists ...... . 17 22 -10.6
Chemical engineers .............ceceeeeeenee 17 2.2 74
Computer systems analysts,
engineers, and scientists ............. 6 0.8 31.0
Techniclans and related........................ 41 5.4 -13.6
Science and mathematics technicians .. 30 4.0 -143
Engineering technicians .................... 8 11 -8.3
Marketing and sales ................ccccene. 31 4.1 -3.2
Service ... 7 0.9 -12.3
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Mechanics, installers, and repairers repair equipment, in-
stall machines, or practice preventive maintenance in the plant.
Workers advance to these jobs either through apprenticeships,
formal vocational training, or by completing in-house train-
ing courses.

Inspectors, testers, and graders assure that the produc-
tion process runs efficiently and that products are of ac-
ceptable quality. They refer problems to plant operators or
management.

Packaging and filling operators wrap products and fill
boxes to prepare the final product for shipment or sale to the
wholesaler or consumer. Over half of these jobs are in the
soap and cosmetics industry, due to the amount of packaging
needed for this industry’s consumer products.

Transportation and material moving workers move mate-
rials around the plant using industrial trucks or deliver fin-
ished products to customers by truck. For these jobs, employ-
ers seek experienced workers with knowledge of chemical
hazards, safety procedures, and regulations governing the
transport of hazardous chemicals. Operation of industrial
trucks and tractors can be learned with on-the-job training,
but previous experience driving a truck and a commercial
driver’s license generally are required to operate a tractor
trailer carrying chemicals.

Helper, laborer, and material mover jobs usually are open
to workers without experience. These workers move raw
materials and finished products through the chemical plant
and assist motor vehicle operators in loading and unloading
raw materials and chemicals. They learn safe ways to handle
chemicals on the job and develop skills that enable them to
advance to other occupations.

Research, development, and technical. Most workers in re-
search and development have college degrees, and many have
advanced degrees. Engineers, scientists, and technicians com-
prise a growing portion of industry employment.

Chemists conduct chemical research, analyze compounds,
and experiment with liquids and gases. They try to develop
new chemicals for specific applications and new applications
for existing chemicals. The most senior chemists sometimes
advance to management positions. Although chemical com-
panies hire chemists with bachelor’s degrees, a master’s or
doctoral degree is becoming more important for chemist jobs.

Chemical engineers design equipment and develop pro-
cesses for manufacturing chemicals on a large scale. Chemi-
cal research engineers design and conduct experiments to learn
how processes behave and conduct research for potential new
chemical products and processes. A bachelor’s degree is es-
sential for these jobs, and a master’s degree may be preferred
or required for some jobs.

Engineering and science technicians assist chemists and
engineers in research activities and may conduct some research
independently. Those with bachelor’s degrees in chemistry
or graduates of 2-year technical institutes usually fill these
positions. Some graduates of engineering programs start as
technicians until an opportunity to advance into an engineer-
ing position arises.

Administration and management. Most managers need a
4-year college degree in addition to experience in the indus-
try. Asin Qther highly technical industries, top managerial
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positions often are held by those with substantial technical
experience. Employment in administrative support and
managerial occupations is expected to decline as companies
merge and consolidate operations.

Engineering and science managers conduct cost estima-
tions, perform plant design feasibility studies, and coordinate
daily operations. These jobs require a college degree in a tech-
nical discipline such as chemistry or chemical engineering and
experience in the industry. Some employees advance from
research and development positions to management positions.

Marketing and sales workers promote sales of chemical
products by informing customers of company products and
services. A bachelor’s degree in marketing, chemistry, or
chemical engineering usually is required for these jobs.

Administrative support workers perform office functions
such as secretarial duties, bookkeeping, material records pro-
cessing, and other clerical duties. Training beyond high
school and familiarity with computers is preferred for these
occupations.

Training and Advancement

The chemical industry has a wide variety of companies and
products, which creates career opportunities for persons with
varying levels of experience and education. Training and ad-
vancement differ for the three major categories of occupa-
tions in the chemical industry.

Production workers may start as laborers or in other un-
skilled jobs and, with experience and training, advance into
better paying positions that require greater skills or have greater
responsibility. Substantial advancement is possible even
within a single occupation. For example, chemical plant op-
erators may move up through several levels of responsibility
until they reach the highest paying operator job. Advance-
ment in production occupations usually requires mastery of
advanced skills. Such skills usually are a combination of on-
the-job-training and formal training provided by the employer.
Some workers advance into supervisory positions.

Most jobs in research and development require substantial
technical education after high school, but opportunities exist
for persons with degrees ranging from a 2-year associate de-
gree up to a doctorate. Development of new products and the
award of patents bring increases in pay and prestige, but after
a point advancement requires moving from research and de-
velopment into management. Researchers usually are famil-
iar with company objectives and production methods which,
combined with college education, equips them with many of
the tools necessary for management positions.

Managerial jobs usually require a 4-year college degree,
though some may require only a 2-year technical degree.
Managers can usually advance into higher level jobs without
additional formal training outside the workplace, although
competition is keen. In general, advancement into the highest
management ranks depends on experience and proven ability
to handle responsibility in several functional areas. Among
larger worldwide firms, international experience is important
for career advancement. Also, recent industry restructuring
has left fewer layers of management, increasing competition
for promotions.

Earnings
Wages of workers in the chemical industry vary according
to nccupation, the specific industry segment, and size of the

production plant. Earnings by major occupation group are
shown in table 3 and earnings for the largest occupations in
selected industries are shown in table 4.

Table 3. Median weekly earnings of full-time workers In chemlcal
manufacturing, except drugs by occupation group, 1998

Median

Occupation group earnings
Professional specialty ...........c..ccceueuneeen. $1,044
Executive, administrative, and

managerial .... . 959
TOChNICIANS ......covevineiniiiiceiciseicrieinene 739
Precision production, craft, and repair .... 673
Administrative support ............ccceceenveunen. 535
Machine operators ...........cceceeeverenicennene 501
Transportation and material moving........ 454
Handlers, equpment cleaners, and

18DOrers ...ttt 415

Earnings also vary by industry ‘within the chemical indus-
try. Median weekly earnings for production workers were
highest in industrial organic chemicals, $917, and lowest in
soaps and cosmetics, $577.

Table 4. Medlan hourly earnings of the largest occupations In
selected chemicals manufacturing Industries, 1997

Plastics  Soaps,
Industrial materials cleaners Industrial
inorganic and  andtoilet organic All

Occupation chemicals synthetics goods chemicals industries

First-line supervisors
and managers/
supervisors-production
and operating workers ......
Chemical plant and
system operators ..............
Chemical equipment
controllers
andoperators ...................
Chemical technicians
and technologists,
excepthealth ....................
Packaging and filling
machine operators
andtenders .....................
Assemblers and fabricators,
except machine, electrical,
electronic, and precision ...
Hand packers and
Packagers ........cc..occeeevenne.

$20.06
18.81

$2350 $16.62

19.09 18.27

17.75 17.29 15.25

16.97 14.89

$10.72 9.38

9.10 9.26

8.01 6.90

Earnings in the chemical industry are higher than average.
The weekly earnings for all production workers in chemical
manufacturing averaged $740 in 1998, compared to $563 in
all manufacturing industries and $442 throughout private in-
dustry. This was due, in part, to more overtime and weekend
work, which command higher hourly rates.

The principal unions representing chemical workers are the
Oil, Chemical, and Atomic Workers Union and the Interna-
tional Chemical Workers Union. Fifteen percent of chemical
manufacturing workers are union members or are covered by
union contracts, compared to 15.4 percent of all workers in
private industry.

Outlook
Although the chemical industry’s output is expected to grow,
employment in the chemical and allied products industry,
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excluding drugs, is projected to decline by 4 percent over
the 1998-2008 period, compared to 15 percent growth ex-
pected for the entire economy. The expected decline in
chemical manufacturing can be attributed to trends affect-
ing the U.S. and global economies. More efficient produc-
tion processes and increased plant automation, company
mergers and consolidation, increased foreign competition,
outsourcing of production, growth of environmental health
and safety concerns and legislation, precision farming tech-
niques, and an emphasis on specialty chemicals will influ-
ence chemical industry employment.

Improvements in production technology have reduced the
need for workers in precision production, craft, and repair and
operator, fabricator, and laborer occupations, which comprise
over half of the jobs in the chemical industry. The growing
application of computerized controls in standard production,
and the growing manufacture of specialty chemicals requir-
ing precise, computer-controlled production methods, will
reduce the need for workers to monitor or directly operate
equipment.

Foreign competition has been intensifying in most indus-
tries, and the chemical industry is no exception. Although
the U.S. chemical industry has enjoyed a favorable trade bal-
ance for quite some time—a trend expected to continue—
growing global trade and rapidly expanding foreign produc-
tion capabilities should increase competition. Pressure to
reduce costs and streamline production will result in the con-
tinuing mergers and consolidation of companies both within

the United States and abroad. Mergers and consolidations.

are allowing chemical companies to increase profits by elimi-
nating duplicate departments and shifting operations where
costs are lowest. U.S. companies are expected to continue
investing heavily in overseas production plants, taking -ad-
vantage of expanding markets in some developing countries,
East Asia and Latin America. Domestic production activi-
ties that are less automated will be affected by this shift of
production abroad. Lower skilled production occupatlons
should decline as a result.

To satisfy growing public environmental concerns, and
comply with the many Government regulations, the chemicé;l
industry invests billions of dollars yearly in technology to re-
duce pollution and clean up existing waste sites. Growing
concerns about chemicals and the environment will spur pro-
ducers to create chemicals with fewer, less dangerous, or
useable by-products that can be recycled or disposed of cleanly.
This will require greater investment in research and develop-
ment. As a result, occupations related to environmental com-
pliance, improving product visibility, and promoting consumer
confidence should grow slowly.

Precision farming techniques have reduced the demand for
agricultural chemicals in this country as farmers use computer
technology to determine what chemicals need to be applied in
different areas of the farm, rather than simply fertilizing the
whole farm. However, this reduced demand will be partially
offset by the increase in global demand for agricultural chemi-
cals as other countries become more sophisticated in their farm-
ing techniques.

Another trend in the chemical industry is the rising de-
mand for specialty chemicals. Chemical companies are

Q
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finding that in order to remain competitive, they must dif-
ferentiate their products and produce specialty chemicals,
such as advanced polymers and plastics designed for spe-
cific uses—for example, a durable body panel on an auto-
mobile. Because advanced processes often produce spe-
cialty chemicals, this trend should increase employment
opportunities for highly trained research and development
and production-oriented chemists, chemical engineers, tech-
nicians, and production personnel. In these small to me-
dium-size firms, responsiveness to customers’ chemical
needs is imperative, so opportunities for marketing staff
such as sales engineers should also be available.

The factors affecting employment in the chemical manu-
facturing industry will impact different segments of the in-
dustry in varying degrees. The two segments projected to add
jobs are miscellaneous chemical products, with an increase of
about 4,100 jobs, and soap, cleaners, and toilet goods, with an
increase of around 9,500 jobs. The two largest losers of jobs
are plastics materials and synthetics, with about 16,000 fewer
jobs projected, and industrial inorganic chemicals, with a pro-
jected loss of about 14,000 jobs.

In terms of specific occupations, employment opportumtles
in the chemical industry can be divided into production and
nonproduction occupations. Jobs in production are expected to
decline; the outlook is somewhat brighter for certain profes-
sional specialty jobs, such as chemical engineers and computer
engineers and scientists. Employment in production occupa-
tions should continue to decline as the increasing automation
of the chemical industry improves efficiency. The market shift
to specialty chemicals, together with increasing competition,
will give rise to more jobs in marketing and sales occupations,
as companies differentiate their products and compete more
heavily in the world marketplace. However, this rise in em-
ployment will likely be offset by the elimination of personnel
as a result of company restructuring and mergers. In general,
persons with technical and advanced degrees will have the best
opportunities in the chemical industry.

Sources of Additional Information
Additional information on the chemical and allied products
industry is available from:

»  American Chemical Society, 1155 16th St. NW., Washington,
DC 20036. Internet: http://www.acs.org

»  American Institute of Chemical Engineers, 3 Park Ave., New
York, NY 10016-5901. Internet: http//www.aiche.org

Detailed information on many occupations in the chemical
industry, including the following, may be found in the 2000-
01 edition of the Occupational Outlook Handbook.

Blue-collar worker supervisors

Chemical engineers

Chemists

Computer programmers

Computer systems analysts, engineers, and scientists
Engineering technicians

Industrial production managers

Material moving equipment operators



Drug Manufacturing
(SIC 283)

SIGNIFICANT POINTS ‘

® Over half of all workers have a bachelor’s, graduate, professional, or Ph.D. degree—roughly
double the proportion for all industries combined.

Forty-one percent of all jobs are in large establishments employing more than 1,000 workers.
Earnings in drug manufacturing are much higher than those in other manufacturing industries.

Drug manufacturing is projected to be one of the faster growing manufacturing industries.

Nature of the Industry focus on developing a compound that will effectively slow
The drug manufacturing industry has produced a variety of the advance of breast cancer. If the discovery phase yields
medicinal and other health-related products undreamed of by promising compounds, technical teams then attempt to develop
even the most imaginative apothecaries of the past. These a safe and effective product based on the discoveries. For
drugs have saved the lives of millions of people from various testing new products in development, a research method called
diseases, and they permit many ill people to lead reasonably “screening” is used. To screen an antibiotic, for example, a
normal lives. sample is first placed in a bacterial culture. If the antibiotic is
Thousands of medications are available today for diagnos- effective, it is next tested on infected laboratory animals. Each
tic, preventive, and therapeutic uses. These medicines aid in year, researchers study the effects of potential new medicines
the control of venereal disease, tuberculosis, influenza, car- on millions of animals, including mice, rats, chickens, and
diovascular disease, malaria, pneumonia, diabetes, and some guinea pigs, for evidence of useful—and harmful—effects. A
forms of cancer. New drugs do much to reduce the severity of new drug is selected for testing in humans only if it promises
mental illness. Vaccines have dramatically reduced the toll of to have therapeutic advantages over drugs already in use, or if
polio, whooping cough, and measles. Discoveries in veteri- it offers the possibility of having fewer side effects.
nary drugs have increased animal productivity and controlled After laboratory screening, firms conduct clinical investi-
various diseases, some of which are transmissible to humans. gations, or “trials,” of the drug on human patients. Human
The drug industry is comprised of about 1,700 places of clinical trials normally take place in three phases. First, medi-
employment, which are located throughout the country. These cal scientists administer the drug to a small group of healthy
include establishments that make pharmaceutical preparations volunteers in order to determine and adjust dosage levels, and
or finished drugs; biological products, such as serums and monitor for side effects. If a drug appears useful and safe,
vaccines; bulk chemicals and botanicals used in making fin- additional tests are conducted in two more phases, each phase
ished drugs; and diagnostic substances such as pregnancy and using a successively larger group of volunteers or carefully
blood glucose kits. Pharmaceutical manufacturing firms make selected patients.
up the majority of establishments and employ 60 percent of Once a drug has successfully passed animal and clinical
the workers in this industry. tests, the Food and Drug Administration (FDA) must review
The American drug industry has achieved worldwide promi- the drug’s performance on human patients, the results of which
nence through its research and development of new drugs, and have been carefully documented, before approving the sub-
spends a higher proportion of its funds for research than any stance for commercial use. The entire process, from the first
other industry in the United States. Each year the drug indus- discovery of a promising new compound to FDA approval,
try tests many thousands of new substances, which may even- can take up to 15 years, but scientific and information tech-
tually yield only 10 to 20 new prescription medicines. nology advances will shorten that process considerably for
For the majority of firms in this industry, the actual manu- many drugs. After FDA approval, problems of production
facture of drugs is the last stage in a lengthy process that be- methods and costs must be worked out before manufacturing
gins with scientific research to discover new products, and to begins. If the original laboratory process of preparing and
improve or modify existing ones. The research and develop- compounding the ingredients is complex and too expensive,
ment (R&D) departments in drug manufacturing firms start pharmacists, chemists, chemical engineers, packaging engi-
this process by seeking new chemical compounds which have neers, and production specialists are assigned to develop a
the potential to prevent, combat, or alleviate symptoms of dis- process economically adaptable to mass production.
eases or other health problems. Scientists use sophisticated In many production operations, drug manufacturers have
tools, such as computer simulation and combinatorial chem- developed a high degree of automation. Milling and micron-
istry, to hasten and simplify the discovery of potentially use- izing machines, which pulverize substances into extremely fine
ful new compounds. Most firms devote a substantial portion particles, are used to reduce bulk chemicals to the required
of their R&D budgets to applied research, with the purpose of size. These finished chemicals are combined and processed
obtaining and using scientific knowledge to develop a drug further in mixing machines. The mixed ingredients may then
targeted to a specific use. For example, an R&D unit may be mechanically capsulated, pressed into tablets, or made into
Q
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solutions. One type of machine, for example, automatically
fills, seals, and stamps capsules. Other machines fill bottles
with capsules, tablets, or liquids, and seal, label, and package
the bottles.

Quality control is vital in this industry. Many production
workers are assigned full time to quality assurance functions,
whereas other employees may devote part of their time to these
functions. For example, although pharmaceutical company
sales representatives, called detailers, primarily work in mar-
keting, they engage in quality control when they assist phar-
macists in checking for outdated products.

Working Conditions
Working conditions in drug plants are better than in most other
manufacturing plants. Much empbhasis is placed on keeping
equipment and work areas clean because of the danger of con-
tamination. Plants usually are air-conditioned, well lighted, and
quiet. Ventilation systems protect workers from dust, fumes,
and disagreeable odors. Special precautions are taken to pro-
tect the relatively small number of employees who work with
infectious cultures and poisonous chemicals. With the excep-
tion of work performed by material handlers and maintenance
workers, most jobs require little physical effort. In 1997, the
incidence of work-related injury and illness was 4.1 cases per
100 full-time workers, compared to 10.3 per 100 for all manu-
facturing industries and 7.1 per 100 for the entire private sector.
Only 6.5 percent of the workers in the drug manufacturing
industry are union members or are covered by a union con-
tract, compared to 15.4 percent of workers throughout private
industry.

Employment

In 1998, there were 279,000 wage and salary jobs in the drug
industry. Three out of 5 jobs were in establishments that made
pharmaceutical preparations (finished drugs), such as tranquil-
izers, antiseptics, and antibiotics. The remaining jobs were in
establishments that made biological products, such as serums,
vaccines, toxins, plasmas, and bulk medicinal chemicals and

Establishments with 1,000 or more workers had
over 40 percent of drug manufacturing jobs

Percent

I Establishments —
] Employment

314
202 19.0
84
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10 =
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Number of workers employed by establishment

, County Busil P , 1997

37.7

Source: U.S. Department of C
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botanicals used in making finished drugs, and for firms mak-
ing diagnostic substances.

Drug manufacturing establishments typically employ many
workers. Over 40 percent of this industry’s employees work
for firms with more than 1,000 workers (chart). Most jobs
were in New Jersey, California, Pennsylvania, New York,
North Carolina, lllinois, and Indiana.

Occupations in the Industry

About 22 percent of all jobs in the drug industry are in profes-
sional and technical occupations (mostly scientists and sci-
ence technicians), and about 25 percent are in executive and
managerial, administrative support, and sales occupations.
Over 51 percent of the jobs in the drug industry are in produc-
tion occupations; these include less skilled operator, fabrica-
tor, and laborer occupations and more skilled precision pro-
duction occupations. The remaining jobs are in service occu-
pations (table 1).

Scientists, engineers, and technicians conduct research to
develop new drugs. Others work to streamline production
methods and improve environmental and quality control. Life
scientists comprise the largest occupation among this
industry’s scientific and technical workers. Most of these
scientists are biological scientists who use biotechnology to
recombine the genetic material of animals or plants, thus pro-
ducing new drugs. Biological scientists normally specialize
in a particular area. Biologists and bacteriologists study the
effect of chemical agents on infected animals. Biochemists
study the action of drugs on body processes, by studying the
chemical combination and reactions involved in metabolism,
reproduction, and heredity. Microbiologists grow strains of
microorganisms that produce antibiotics. Physiologists in-
vestigate the effect of drugs on body functions and vital pro-
cesses. Pharmacologists and zoologists study the effect of
drugs on animals. Virologists grow viruses, develop vac-
cines, and test them in animals. Botanists, with their special
knowledge of plant life, contribute to the discovery of bo-
tanical ingredients for drugs. Other biological scientists in-
clude pathologists, who study normal and abnormal cells or
tissues, and toxicologists, who are concerned with the safety,
dosage levels, and compatibility of different drugs. Drug
manufacturers also employ medical scientists, who may also
be physicians, to do research, test products, and oversee hu-
man clinical trials.

Physical scientists, particularly chemists, are also impor-
tant in the research and development of new drugs. Organic
chemists combine new compounds for biological testing.
Physical chemists separate and identify substances, determine
molecular structure, help create new compounds, and improve
manufacturing processes. Radiochemists trace the course of
drugs through body organs and tissues. Pharmaceutical chem-
ists set standards and specifications for the form of products
and for storage conditions; they also see that drug labeling
and literature meet the requirements of State and Federal laws.
Analytical chemists test raw and intermediate materials and
finished products for quality.

Science technicians play an important part in both the re-
search for, and the product development of, new medicines.
They set up, operate, and maintain laboratory equipment,
monitor experiments, analyze data, and record and interpret
results. Science technicians usually work under the supervi-
sion of scientists or engineers.
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Although engineers account for a small fraction of scientific
and technical workers, they make significant contributions to-
ward improving quality control and production efficiency.
Chemical engineers design equipment and devise manufactur-
ing processes. Bioprocess engineers, who are similar to chemi-
cal engineers, design fermentation vats and various bioreactors
for microorganisms that will produce a given product. Indus-
trial engineers plan equipment layout and workflow to main-
tain efficient use of plant facilities. Mechanical engineers co-
ordinate the installation and maintenance of sterilizing, heat-
ing, cooling, humidifying, and ventilating equipment.

Table 1. Employment of wage and salary workers In drug
manufacturing by occupation, 1998 and projected change,
1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations .............coccveveeeeeeeecennenes 279 100.0 10.7
Operators, fabricators,
and laborers .............cccoeveuevenerrunennnes 97 347 7.8
Packaging and filling machine
operators ...........ccceeeveeeveeiceeeeneennns 29 10.2 9.7
Chemical equipment controllers,
operators and tenders................... 24 8.8 128
Helpers, laborers, and material
movers, hand............cccceeeeeerennanne 14 4.9 9.1
Crushing, grinding, mixing and
blending machine operators ........ 8 2.8 35.5
Hand workers, including assemblers
and fabricators...........cccoeevevrerenenne 6 2.2 12.9
Preclislon production, craft, and
PEPAIF ........ceoiiieieitrctreeeeserseeneraenas 47 16.7 11.3
Blue-collar worker supervisors .. . 15 5.5 129
Industrial machinery mechanics......... 8 2.7 16.2
Inspectors, testers, and graders ....... 7 25 2.2
Maintenance repairers, general
ULIIY .o 4 1.4 2.6
Chemical plant and systems
OPOrators .........cccceeveeeeereeseeneesens 3 0.9 30.9
Professlonal speclalty .......................... 41 14.8 22.9
Chemists .................. 14 4.9 12.9
Engineers .................. 8 2.8 17.6
Biological scientists 8 2.7 35.5
Computer systems analysts,
engineers, and scientists ............. 4 14 58.4
Executlve, administrative, and
managerlal ...............cccceeverveeeeneeceerenne 34 12.3 13.8
Management support occupations.... 12 41 11.7
General managers and top
OXOCUtiVeS .........ccceenneceecerneeeennanne. 5 1.7 9.6
Engineering, natural science, and
computer and information
systems managers ...................... 4 14 321
Industrial production managers 4 14 20.6
Adminlstrative support, Including
clerical 28 10.1 1.3
Secretaries 6 23 -10.1
Records proce: tions ...... 4 1.4 -4.0
Shipping, receiving, and traffic
ClOrKS ...vvcee it saeene 3 141 3.8
General office clerks...............ccc......... 3 1.0 140
Techniclans and related support ........ 19 6.9 6.2
Science and mathematics
technicians........coceevveeieicnicnnnnne 15 55 58
Marketing and sales ............................. 6 2.2 12.9
Service ............ceueuee 6 2.0 4.7
Janitors and cleaners 3 11 1.6
All other occupations ........................... 1 0.3 125
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Aruitoxt provided by Eic:

At the top of the managerial group are executives who make
policy decisions concerning matters of finance, marketing, and
research. Other executive, administrative, and managerial
workers include engineering, natural science, and computer
and information systems managers; industrial managers; and
advertising, marketing, promotions, public relations, and sales
managers.

Administrative support employees include secretaries, gen-
eral office clerks, and others who keep records on personnel,
payroll, raw materials, sales, and shipments.

Pharmaceutical sales representatives, often called pharma-
ceutical detailers, describe their company’s products to phy-
sicians, pharmacists, dentists, and health services administra-
tors. These sales representatives serve as lines of communi-
cation between their companies and clients.

Most plant workers can be divided into three occupational
groups: Production or processing workers, who operate the
drug-producing equipment and inspect the products; mainte-
nance workers, who install, maintain, and repair production
equipment; and packers, truckdrivers, and material handlers,
who package and transport the drugs.

Many different types of chemical operators are involved in
the production of pharmaceutical preparations and biological
products. Pharmaceutical operators control machines that
produce tablets, capsules, ointments, and medical solutions.
Granulator machine operators tend milling and grinding ma-
chines that reduce mixtures to particles of designated sizes.
Compounders tend tanks and kettles in which solutions are
mixed and compounded to make up creams, ointments, liquid
medications, and powders. Compressors operate machines
that compress ingredients into tablets. Pill and tablet coaters,
often called capsule coaters, control a battery of machines that
apply coatings to tablets, which flavor, color, preserve, add
medication, or control disintegration time. Tablet testers in-
spect tablets for hardness, chipping, and weight to assure con-
formity with specifications. Ampoule fillers operate machines
that fill small glass containers with measured doses of liquid
drug products. Ampoule examiners examine ampoules for
discoloration, foreign particles, and flaws in the glass.

After the drug is prepared and inspected, it is bottled or
otherwise packaged. Semiskilled workers do most of the pack-
aging and bottle filling with machines that measure exact
amounts of the product and seal containers.

Plant workers who do not operate or maintain equipment
perform a variety of other tasks. Some drive trucks to make
deliveries to other parts of the plant; some load and unload
trucks and railroad cars; others keep inventory records. The
industry also employs service workers, such as guards and
janitors.

Training and Advancement
Training requirements for jobs in the drug industry range from
a few hours of on-the-job training to years of formal educa-
tion, plus job experience; about half of all workers have a
bachelor’s or graduate degree—roughly double the propor-
tion for all industries combined. The drug industry places a
heavy emphasis on continuing education for employees, and
many firms provide classroom training in safety, environmen-
tal and quality control, and technological advances.

For production and maintenance occupations, drug manu-
facturers usually hire inexperienced workers and train them
on the job; high school graduates are generally preferred.
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Beginners in production jobs assist experienced workers and
learn to operate processing equipment. With experience, em-
ployees may advance to more skilled jobs in their departments.

Many companies encourage production and maintenance
workers to take courses related to their jobs in local schools
and technical institutes or to enroll in correspondence courses.
College courses in chemistry and related areas are particu-
larly encouraged for highly skilled production workers who
operate sophisticated equipment. Some companies reimburse
workers for part, or all, of their tuition. Skilled production
and maintenance workers with leadership ability may advance
to supervisory positions. .

For science technicians in the drug industry, most compa-
nies prefer to hire graduates of technical institutes or junior
colleges or those who have completed college courses in chem-
istry, biology, mathematics, or engineering. Some companies,
however, require science technicians to hold a bachelor’s de-
gree in a biological or chemical science. In many firms, newly
hired workers begin as laboratory helpers or aides, perform-
ing routine jobs, such as cleaning and arranging bottles, test
tubes, and other equipment.

The experience required for higher-level technician jobs
varies from company to company. Usually, employees ad-
vance over a number of years from assistant technician, to
technician, to senior technician, and then to technical associ-
ate, or supervisory technician.

For most scientific and engineering jobs, a bachelor of sci-
ence degree is the minimum requirement. Scientists who are
involved in research and development usually have a master’s
or doctoral degree. A doctoral degree is generally the mini-
mum requirement for medical scientists, and those who ad-
minister drug or gene therapy to patients in clinical trials must
have a medical degree. Because biotechnology is not one dis-
cipline, but the interaction of several disciplines, the best prepa-
ration for work in biotechnology is training in a traditional
biological science, such as genetics, molecular biology, bio-
chemistry, virology, biochemical engineering, plant pathol-
ogy, or botany. Individuals with a scientific background and
several years of industrial experience may eventually advance
to managerial positions. Some companies offer training pro-
grams to help scientists and engineers keep abreast of new
developments in their fields and to develop administrative
skills. These programs may include meetings and seminars
with consultants from various fields. Many companies en-
courage scientists and engineers to further their education;
some companies provide financial assistance for this purpose.
Publication of scientific papers also is encouraged.

Drug manufacturing companies prefer to hire college gradu-
ates, particularly those with strong scientific backgrounds, as
pharmaceutical detailers. Newly employed pharmaceutical
representatives complete rigorous formal training programs
revolving around their company’s product lines.

Earnings
Earnings of workers in the drug industry are higher than the
average for all manufacturing industries. In 1998, production
or nonsupervisory workers in the drug industry averaged $717
a week, while those in all manufacturing industries averaged
$563 a week. Earnings in selected occupations in drug manu-
facturing in 1997 appear in table 2.

Some employees work in plants that operate around the
c‘"""@—'hrcc shifts a day, 7 days a week. In most plants,
il
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workers receive extra pay when assigned to the second or
third shift. Because drug production is subject to little sea-
sonal variation, work is steady.

Table 2. Median hourly earnings of the largest occupations In
drug manufacturing, 1997

Drug All

Occupation manufacturing industries

Biological scientists ...........cueeeeriiuinniinens $22.26 $21.01
Chemists, except biochemists 20.84 21.14
First line supervisors and managers/

supervisors, production and operating

WOTKBIS c.vcviinineiisinsiiisissaesnessesaenosses 20.27 16.62
Chemical technicians and technologists,

except health .........ooveevenvnecnennnne. 15.34 14.89
Chemical equipment controllers and

OPOIALOrS ..ceevveeernennrereesreesecnessesaenenses 14.99 15.25
Secretaries, except legal and medical .... 14.22 11.00
Production inspectors, testers, graders,

sorters, samplers, and weighers ........ 10.78 10.15
Crushing, grinding, mixing, and blending

machine operators and tenders ......... 10.77 10.85
Packaging and filling machine operators

and tenders .........ceiiniininiiinennnenee 10.52 9.38
Assemblers and fabricators, except

machine, electrical, electronic and

PrECISION c.oeouverrrrneiienteniestesteseessesaesenne 7.73 9.25
Outlook

Wage and salary jobs in drug manufacturing are expected to
increase by about 11 percent over the 1998-2008 period, mak-
ing it among the faster growing manufacturing industries. De-
mand for this industry’s products is expected to remain strong.
Even during times of fluctuating economic conditions, there
will be a market for over-the-counter and prescription drugs,
including the diagnostics used in hospitals, laboratories, and
homes; the vaccines used routinely on infants and children;
analgesics and other symptom-easing drugs; and antibiotics
and “miracle” drugs for life-threatening diseases. Although
the use of drugs, particularly antibiotics and vaccines, has con-
tributed towards eradicating or limiting a number of deadly
diseases, many others, such as cancer, Alzheimer’s, and heart
disease, continue to elude cures. On-going research and the
manufacture of new products to combat these diseases will
continue to contribute to employment growth. Because so
many of the drug industry’s products are related to preventive
or routine health care, rather than just illness, demand is ex-
pected to increase as the population expands. Demand will be
further stimulated by the growing number of older people who
will require more health care services and by the growth of
both public and private health insurance programs, which in-
creasingly cover the cost of drugs and medicine. Other fac-
tors expected to increase the demand for drugs include greater
personal income and the rising health consciousness and ex-
pectations of the general public. Biotechnological research
continues to offer possibilities for the development of new
drugs and products to combat illnesses and diseases which
have previously been unresponsive to treatments derived by
traditional chemical processes. Scientists will also use bio-
technology to develop new antibiotics for use against increas-
ingly drug-resistant bacteria.

Drug producers and buyers are expected to place more
emphasis on cost-effectiveness, due to concems about the
cost of hglpl;g care, including prescription drugs. Growing
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competition from the producers of generic drugs may also
exert cost pressures on many firms in this industry. These
factors, combined with continuing improvements in manu-
facturing processes, are expected to result in slower employ-
ment growth over the 1998-2008 period than occurred dur-
ing the previous 10-year period.

Faster than average growth is anticipated for professional
specialty occupations—especially the biological and medi-
cal scientists engaged in research and development, the back-
bone of the drug industry, and computer systems analysts,
engineers, and scientists. Slower than average overall growth
is projected for operators, fabricators, and laborers. Aver-
age growth is projected for skilled mechanics, who service
the growing amount of automatic processing and control
equipment. Employment of administrative support and cleri-
cal workers is expected to experience little or no change, as
companies streamline operations and increasingly rely on
computers.

Unlike many other manufacturing industries, drug indus-
try employment is not highly sensitive to changes in economic
conditions. Even during periods of high unemployment, work
is likely to be relatively stable in this industry.

O

Sources of Additional Information

For additional information about careers in drug manufactur-
ing and the industry in general, write to the personnel depart-
ments of individual drug manufacturing companies.

For information about careers in biotechnology, contact:

> Biotechnology Industry Organization, Suite 1100, 1625 K
St. NW., Washington, DC 20006.
Internet: http://www.bio.org

Information on these key drug manufacturing occupa-
tions may be found in the 2000-01 Occupational Outlook
Handbook:

® Biological and medical scientists

® Chemists

® Computer scientists, computer engineers, and systems
analysts

Engineers

Inspectors, testers, and graders

Science technicians

‘ A L v 58 64



Electronic Equipment Manufacturing

(SIC 357, 365, 366, 367, 381)

SIGNIFICANT POINTS

® Rapid technological change and intense competition make research and development efforts

the key to success.

® Employment prospects are good for highly skilled technical personnel, but employment of

production workers will grow slowly.

Nature of the Industry

The electronic equipment manufacturing industry produces
computers, television sets, and audio equipment, as well as a
wide range of goods used for both commercial and military
purposes. In addition, many electronics products or compo-
nents are incorporated into other industries’ products, such as
cars, toys, watches, appliances, and a variety of electronic
gadgets.

Technological innovation characterizes this industry almost
unlike any other and, in fact, drives much of the industries’
production. On the horizon are many products, including loud-
speakers that can be heard but not seen, photographs stored
on (and viewed from) CDs, and computers that can recognize
voices.

Products currently being manufactured in this industry in-
clude computers and computer storage devices such as disk
drives and computer peripheral equipment such as printers and
scanners. The industry also produces calculating and account-
ing machines such as automated teller machines (ATM’s);
communications equipment such as telephone switching equip-
ment and cellular telephones; consumer electronics, such as
television and stereo sets; and military electronics such as ra-
dar, sonar, missile guidance systems, and electronic warfare
equipment. This industry also includes the manufacture of
semiconductors—silicon or computer “chips,” or integrated
circuits—which are the heart of computers and many other
advanced electronic products. Two of the most significant
types of computer chips are microprocessors, which comprise
the central processing system of computers, and memory chips,
which store information.

This industry differs from other manufacturing industries
in that production workers account for a much lower propor-
tion of all workers. The unusually rapid pace of innovation
and technological advancement requires a high proportion of
engineering and technical workers to continually develop and
produce new products. American companies manufacture and
assemble many products abroad because of lower production
costs and new trade agreements. However, the growing com-
plexity of some of the most highly technical production pro-
cesses—in semiconductor and electronic component manu-
facturing in particular—is leading to increased demand for a
more highly skilled workforce in the United States.

Companies producing components, intermediate, and fin-
ished goods frequently cluster near each other because it al-
lows easier access to recent innovations. Electronic products
contain many components—and sometimes even major parts,
such as integrated circuits—which often are purchased from
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other manufacturers. As a result of having the skilled
workforce that fosters product improvement, some areas of
the country have become centers of the electronics industry.
The most prominent of these centers is “Silicon Valley,” a
concentration of integrated circuit and computer firms in
California’s Santa Clara valley near San Jose. Other emerg-
ing centers are in Texas, Massachusetts, and more recently
Oregon. There are, however, electronics manufacturing plants
throughout the country.

To a large extent, electronics manufacturing has become
truly global, and it is difficult to characterize many compa-
nies and their products as American or foreign. The move-
ment of foreign companies to manufacture some goods in the
United States does not change the fact that many products are
being designed in one country, manufactured in another, and
assembled in a third. Highly sensitive and sophisticated prod-
ucts such as semiconductors and computers are being designed
and manufactured in the United States, for example, but it
remains likely that other parts of final products such as the
keyboards and outer casings are made somewhere else and
shipped to another site for final assembly.

Although some of the companies in this industry are large,
most are actually small. The history of innovation in the in-
dustry explains the start-up of many small firms. Some com-
panies are involved in design or research and development
(R&D), whereas others may simply manufacture components
such as computer chips under contract for others. Often an
engineer or physicist will have an innovative idea and setup a
new company to develop the product. Although electronic
products can be very sophisticated, it has been possible to
manufacture many electronic products or components (not
necessarily finished products) with a relatively small invest-
ment. Furthermore, investors often are willing to put their
money behind new companies in this industry because of its
history of large paybacks from some very successful compa-
nies. Such success depends on innovation, and, although in-
vestment costs are rising, there should continue to be oppor-
tunities to develop good ideas.

The rapid pace of innovation in electronics technology
makes for a constant demand for newer and faster products
and applications. This demand puts a greater emphasis on
research and development (R&D) than is typical in most
manufacturing operations. Being the first firm to market a
new or better product usually determines the success or fail-
ure of the product and often the company. Even for many
relatively commonplace items, R&D continues to result in
better, cheaper products with more desirable features. For
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example, a company that develops a new kind of computer
chip to be used in many brands of computers can earn mil-
lions of dollars in sales until a competitor is able to copy the
technology or develop a better chip. Many employees, there-
fore, are research scientists, engineers, and technicians whose
job it is to continually develop and improve products.

The product design process includes not only the initial
design, but also development work which ensures that the
product functions properly and can be manufactured as in-
expensively as possible. When a product is manufactured,
the components are assembled, usually by soldering them to
a printed circuit board. Often tedious, hand assembly re-
quires both good eyesight and coordination, as many of the
parts are very small. However, because of the cost and pre-
cision involved, assembly and packaging are becoming
highly automated.

Working Conditions

In general, electronics manufacturing enjoys relatively good
working conditions, even for production workers. In contrast
to many other manufacturing industries, production workers
in this industry usually work in clean and relatively noise-free
environments. Computer chips are manufactured in “clean
rooms,” in which the air is filtered and workers wear special
garments to prevent any dust from getting into the air. A speck
of dust will ruin a computer chip.

In 1997, the rates of work-related injuries and illness per
100 full-time workers were 3.0 per 100 full-time workers in
computer and office equipment, 3.7 in communications equip-
ment, 5.0 in electronic components and accessories, 6.9 in
household audio and video equipment, and 2.2 in search and
navigation equipment. These rates were all lower than the 7.1
average for the private sector. However, some jobs in this
industry may have risks. For example, some workers who
fabricate integrated circuits and other components may be
exposed to potentially hazardous chemicals, and working with
small parts may cause eyestrain.

Most employees work regular 40-hour weeks, but pressure
to develop new products ahead of competitors may result in
some research and development personnel working extensive
overtime to meet deadlines. The competitive nature of the
industry makes for an exciting, but sometimes stressful, work
environment—especially for those in technical and manage-
rial occupations.

Employment

The electronic equipment manufacturing industry employed
about 1.6 million wage and salary workers in 1998 (table 1).
Few workers were self-employed.

Table 1. Distribution of wage and salary employment in

electronic equipment manufasturing by industry segment, 1998
Industry segment Employment Percent
(in thousands)
Total, electronic equipment manufacturing 1,564 100.0
Electronic components and accessories ... 666 42.6
Computer and office equipment .... 379 242
Communication equipment ............ 282 18.0
Search and navigation equipment 162 104
Houssehold audio and video equipment... 82 5.2

The industry comprised about 13,000 establishments in
1997, many of which were small, employing only 1 or a few
workers. Large establishments of 250 workers or more em-
ployed the majority—70 percent—of the industry’s workforce
(chart).

Occupations in the Industry

Given the importance of R&D to the industry, it is not surpris-
ing that a large proportion—about 1 in 5—of all workers are
in professional specialty occupations (table 2). Over 50 per-
cent of these are engineers—mainly electrical and electron-
ics engineers and computer engineers. These workers develop
new products and devise better, more efficient production
methods. Engineers may coordinate and lead teams develop-
ing new products. Others may work with customers to help
them make the best use of the products. A growing number of
computer systems analysts and computer scientists are being
employed throughout the industry as both development and
production methods become more computerized. Other pro-
fessionals include mathematical and physical scientists, and
technical writers.

About 8 percent of workers are technicians—mostly engi-
neering technicians —many of who work closely with engi-
neers. They help develop new products, work in production
areas, and sometimes help customers install, maintain and re-
pair equipment. They also may test new products or processes
to make sure everything works correctly.

Despite the relatively high proportion of professional and
technical workers in electronics manufacturing, more than 4
out of 10 workers are production workers. Many are assem-
blers, who place and solder components on circuit boards,
or assemble and connect the various parts of electronic de-
vices. Electronic semiconductor processors initiate and con-
trol the many automated steps in the process of manufactur-
ing of integrated circuits or computer chips. Electrical and
electronic assemblers are responsible for putting together
products such as computers and appliances, telecommuni-
cations equipment, and even missile control systems. Preci-
sion assemblers must be able to do accurate work at a rapid

Though most electronics firms are small,
employment is concentrated in large establishments
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427
- Establishments ]
] Employment
279
212
1971
61
13 I 1.7
-
1109 101049 5010249  250t0 999 1000+
Number of workers employed by establishment
Source: U.S. Department of C County Busi P , 1997
L _ |

Q -
EMC N ;, PR \,.:q, e C ok (-"

IS ;M.“A e L L -



pace. Some assemblers are highly skilled and require sig-
nificant experience and training to assemble major compo-
nents. A skilled assembler may put together an entire subas-
sembly or even an entire product, especially when products
are made in relatively small numbers. Other less skilled as-
semblers often work on a production line, attaching one or a
few parts and continually repeating the same operation. In-
creasingly, as production work becomes more automated,
assemblers and other production workers monitor the ma-
chinery which actually does the assembly work. Precision
inspectors, testers, and graders use sophisticated testing
machinery to ensure devices operate as designed.

About 14 percent of workers in the industry are in execu-
tive, administrative, and managerial occupations. In this in-
dustry, top management is much more likely to have a techni-
cal background than in other industries, especially in smaller
companies, which often are founded by engineers, computer
scientists, or other technical professionals.

About 13 percent of workers in this industry hold admin-
istrative, clerical, or sales jobs. Sales positions require tech-
nical knowledge and abilities, and as a result, engineers and
technicians often may find opportunities in sales or sales
support.

Training and Advancement

Workers with varying levels of education find employment
opportunities in the electronic equipment manufacturing in-
dustry. Entry to engineering occupations generally requires
at least a bachelor’s degree in engineering, although those with
4-year degrees in physical science or computer science or other
technical areas can sometimes qualify as well. Some posi-
tions, however, may require a master’s degree or higher or
relevant work experience. Computer systems analysts or sci-
entists usually need a degree in computer science or a related
field, and in many cases, they also must have considerable
programming experience. Since companies are often founded
by professionals with technical backgrounds, opportunities for
advancement into executive, administrative, and managerial
positions may arise for experienced workers who keep up with
rapid changes in technology.

Training for engineering technicians is available from a
number of sources. Although most employers prefer gradu-
ates of 2-year postsecondary training schools—usually tech-
nical institutes or junior colleges—training in the Armed
Forces or through proprietary schools may also meet employer
requirements. Engineering technicians, like engineers, should
have an aptitude for math and science. Entry level techni-
cians may begin working with a more experienced technician
orengineer. Advancement opportunities for experienced tech-
nicians may include supervisory positions or movement into
other production and inspection operations.

Though assembly workers generally need only a high school
diploma, assemblers in the electronics industry may need more
specialized training or experience than workers in other manu-
facturing industries. Precision assembly work can be ex-
tremely sophisticated and complex, and some precision as-
sembly jobs even may require formal technical training. Again,
advancement opportunities depend not only on work experi-
ence, but also the level of technical training and the ability to
keep up with changing technology.
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Table 2. Employment of wage and salary workers In electronic
equipment manufacturing by occupation, 1998 and projected

change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ............c.ccoeeiricveccenen. 1,564 100.0 8.8
Operators, fabricators, and
1aborers ...........ccocveevnineininninninnnennee 370 236 19.1
Electrical and electronic
assemblers ..........cuieiiininiininns 124 79 18.0
Electronic semiconductor
PrOCOSSONS ....ceeverruererneecnrererseeeosas 62 4.0 46.3
All other assemblers, fabricators, and
hand WOrkers ............ccceeveveeeeenenns 46 3.0 9.9
Helpers, laborers, and material
movers, hand........ccccceevveeeervereeneees 19 1.2 25
Professlonal specialty .......................... 328 21.0 149
Electrical and electronics
ONGINGOIS ......occuveveeeerneerenecrirensas 102 6.5 145
Computer engineers ............... 44 2.8 10.9
Computer support specialists . 26 1.7 376
Industrial engineers ................ . 17 1.1 -1.7
Mechanical engineers............cc.eeuuee 15 1.0 12.2
Precision production, craft, and
=70 T 1 T 315 20.1 4.8
Electrical and electronic equipment
assemblers, precision .................. 117 7.5 7.7
Inspectors, testers, and graders,
PrecCiSion .......cccevevvnneesinnecscninnnes 57 3.6 -12.9
Mechanics, installers, and
FEPAINEIS....cccvenueneeereeraeereesanssessessns 43 27 9.6
Blue-collar worker supervisors 43 2.7 10.6
Industrial machinery mechanics........ 17 1.1 147
Metal workers, precision ................... 15 1.0 9.7
Executive, administrative, and
managerlal ............c.cceeveeveeeveerierinrinnne 219 14.0 44
Engineering, natural science, and
computer and information
systems managers ..........ccceeeueene 28 1.8 228
General managers and top
OXBCULIVES ....eeeeneeenrennnerreesancnnseesens 27 17 3.0
Industrial production managers ........ 18 11 15
Purchasing agents, except wholesale,
retail, and farm products .............. 17 1.1 6.2
Accountants and auditors................... 16 1.0 -3.8
Administrative support, including
clerical .....ocveverveneeereesininnineiine 157 10.1 -5.6
Secretaries ... . 28 1.8 -17.2
Production, planning, and expediting
ClOrKS ...c..eeeveiiiseccecce e 18 1.2 -4.1
Shipping, receiving, and traffic
ClOrKS ...c.eeeeeiiieeccece e 15 1.0 1.3
General office clerks .. 14 0.9 7.0
Financial records processing
OCCUPALIONS .....ccccerinrniiiiisrinneinnne 14 0.9 -12.0
Techniclans and related support......... 122 7.8 -0.5
Electrical and electronics technicians
and technologists .........cccceeeuunene 61 3.9 25
All other engineering technicians and
technologists .............lovveceerneenn 28 1.8 8.7
Computer programmers .................... 20 1.3 -19.8
Marketing and sales .................c.......... 42 27 5.9
All other occupatilons............................ 12 0.7 0.7
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Earnings

In general, eamings in the electronics industry are high, al-
though this is partly because many of the lower wage produc-
tion jobs have been automated or exported to other countries.
Average weekly eamings of all production or nonsupervisory
workers in the industry in 1998 were higher than the average
of $442 for all industries (table 3).

Table 3. Average earnings of nonsupervisory workers in the
electronic equipment manufacturing industry, 1998

Industry segment Waeekly Hourly
Total, private industry .........ccccceeeeereenenenee $442 $12.77
Electronics industry
Search and navigation equipment ..... 733 17.32
Computer and office equipment......... 640 15.32
Communications equipment............... 596 14.02
Electronic components and
BCCOSSONBS ..ecvevreneecrerrneceereeseesssaes 549 13.25
Household audio and video
oquIpmMeNt ..........cccceeveeneeceenecennene 485 11.94

Earnings in selected occupations in several components
of the electronic equipment manufacturing in 1997 appear
in table 4.

Table 4. Median hourly earnings of the largest occupations Iin
electronic equipment manufacturing, 1997

Household
Computer audio Electronic
and and Comm- components
office video unications and

Occupation equipment equipment equipment accessories

Electrical and electronic

engineers .................. $32.24 — $28.55 $28.78
Computer engineers ...... 30.63 — 28.41 29.62
Electrical and electronic

engineering technicians

and technologists ...... 15.88 — 15.30 18.44
Electrical and electronic

equipment assemblers,

precision .................... 11.24 $9.68 9.94 8.70
Electrical and electronic

assemblers................ 8.85 8.79 8.70 8.24
First-line supervisors and

managers/supervisors-

production and operating

WOrkers ........c.coeeee. — — 15.80 16.58

Electronic semiconductor

processors................. —_ —_ —_ 11.73
Precision Inspectors, testers,

and graders................ — — — 10.31
Production inspectors, testers,

graders, sorters, samplers,

and weighers............. — — 10.78 10.39

Assemblers and fabricators,
except machine, electrical,
electronic, and

precision.................... 8.97

Outlook

The revolutions taking place in computers, semiconductors,

and telecommunications should provide workers in many of

the industry’s occupations with employment opportunities,

especially in research and development. Breakthroughs in

telephone, navigational, and household audio and video
Jﬂ'lipment will have a major impact on the workplace and in

homes. Products of the electronic equipment manufactur-
ing industry, especially powerful computer chips, will con-
tinue to enhance productivity in all areas of the economy.
Overall employment is projected to grow by about 9 percent
between 1998 and 2008. The industry is expected to con-
tinue its rapid productivity growth, so even though output is
expected to increase in most segments as global demand for
electronics products rises, employment of production work-
ers will not grow as quickly, and is actually expected to de-
cline in some segments.

Expected employment growth varies by industry segment
(table 5). Demand for computers should remain strong world-
wide, but new technology and automated manufacturing pro-
cesses should continue to eliminate jobs. This trend is also
true in the areas of household audio and video equipment, and
to some extent search and navigation equipment; these indus-
try segments are using the same technology to automate pro-
duction of increasingly sophisticated equipment. In addition,
labor-intensive manufacturing, assembly, and packaging op-
erations are still being moved to low-wage countries in the
Far East or to Mexico when cost effective, although this strat-
egy grows less attractive as the technical demands of manu-
facturing become more complex. In addition, the need for
manufacturing to be located near the research site may help to
moderate the move abroad.

Employment in electronic components and accessories, on
the other hand, is expected to grow faster than the average
over the projection period, more than offsetting expected de-
clines in other segments. The market for semiconductors is
growing tremendously and as a result, the need for skilled la-
bor has been increasing worldwide. As chips become smaller
and more powerful and production processes more sophisti-
cated, the size of the U.S. market, coupled with the need for a
strong infrastructure and highly skilled workforce, has shifted
focus back to the U.S. in this segment of the industry.

Table 5. Projected employment change in electronics manufac-
turing by Industry segment, 1998-2008

Percent
Industry segment change
Total, electronic equipment manufacturing ............c.cccene... 8.8
Electronic components and accessories ..............coceeveeene 242
Communications equipment ............cceeeeuee 7.3
Computer and office equipment ....... 2.8
Search and navigation equipment .......... -11.5
Household audio and video equipment ............ccccceeruervane -17.3

Demand for communications equipment, such as cellular
phones, should result in employment growth in the industry.
Cwnership of ceiiular phones has grown quickly in recent
years; continuing improvements in quality and services should
lead to even greater growth between 1998 and 2008. As cel-
lular phones change over to digital technology, they will al-
low users to browse the Internet away from a desk. In addi-
tion, a substantial increase in baud speeds for these phones
will raise their attractiveness to businesses that have had to
rely on desktop PCs with their much faster speeds.

With respect to “wired” communications, the replacement
of existing forms of wire—in buildings, airplanes, and under-
ground—with more technologically advanced fiber optics also
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will contribute to demand for workers in the communications
segment of electronic equipment manufacturing.

Much of the employment growth in this industry is expected
to be among the professional specialty occupations. Electronic
semiconductor processors and electrical and electronic assem-
blers will also grow faster than the industry average. Highly
skilled technical personnel should be able to take advantage
of the increasingly sophisticated level of manufacturing tech-
nology as industries become more integrated and development
and manufacturing processes more advanced. Employment
of production workers is expected to grow more slowly than
the industry as a whole, as more jobs are lost to technological
innovation. Overall, employment of managers is also expected
to grow slower than the average while clerical occupations
are expected to decline.

The electronics industry is characterized by rapid techno-
logical advances and has grown faster than most other indus-
tries over the past 30 years, although rising capital costs and
the rapid pace of innovation continue to pose challenges.
Certain segments and individual companies often are subject
to problems. For example, the computer industry occasion-
ally undergoes severe downturns, and individual companies
can run into trouble—even those in segments of the industry
doing well—because they have not kept up with the latest tech-
nological developments or because they have erred in decid-
ing which products to manufacture. Such uncertainties can
be expected to continue. In addition, foreign competition and
the future role of imports remain difficult to project. Import
competition has wiped out major parts of the domestic con-
sumer electronics industry, and future effects of import com-
petition are dependent on trade policies and market forces.
The industry is likely to continue to encounter strong compe-
tition from imported electronic goods and components, €spe-
cially from Japan, but also from other countries throughout
Asia and Europe.

Sales of military electronics, an important segment of
the industry, will likely decline as defense expenditures de-
crease. On the other hand, it is likely that firms will con-
tinue developing new products, creating large new markets
as they have in the past. Smaller, more powerful computer
chips are continually being developed and incorporated into

Q
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an even wider array of products, and the semiconductor
content of all electronic products will continue to increase.
The growth of digital technology, artificial intelligence, and
multimedia applications will continue to create new oppor-
tunities. Future developments will lead to a much greater
convergence of products and technologies with the expan-
sion of the Internet and demand for global information net-
working.

Sources of Additional Information
For information on the electronics industry, contact:

» The Electronic Industries Alliance 2500 Wilson Blvd.,
Arlington, VA 22201. Internet: http://www.eia.org

» American Electronics Association, The Center for Workforce
Excellence, 5201 Great America Pkwy., Suite 520, Santa
Clara, CA 95054. Internet: http://www.aeanet.org

For information on careers as an electrical, electronics, or
computer engineer, contact:

» The Institute of Electrical and Electronics Engineers, Inc.,
1828 L Street, NW., Suite 1202, Washington, DC 20036-
5104.

For information on careers and training as an electronics
technician, contact:

» Electronics Technicians Association, 602 North Jackson,
Greencastle, IN 46135,

Information on these occupations may by found in the 2000-
01 Occupational Outlook Handbook:

® Computer systems analysts, engineers, and scientists

® Electrical and electronics engineers

® Electronic semiconductor processors

® Engineering, natural science, and computer and infor-
mation systems managers

® Engineering technicians

® Precision assemblers
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Food Processing

(SIC 20)

SIGNIFICANT POINTS

® The industry has a high incidence of injury and illness; meatpacking plants have the highest

incidence among all industries.

® Production workers account for 3 out of 4 jobs.

® Most jobs require little formal education or training; many can be learned in a few days.

® Little growth is expected in employment because of increasing automation and productivity.

Nature of the Industry

Workers in the food processing industry link farmers and
other agricultural producers with consumers. They do this
by processing raw fruits, vegetables, grains, meats, and dairy
products into finished goods ready for the grocer or whole-
saler to sell to households, restaurants, or institutional food
services.

Food processing workers perform tasks as varied as the
many foods we eat. For example, they slaughter, dress, and
cut meat or poultry; process milk, cheese, and other dairy prod-
ucts; can and preserve fruits, vegetables, and frozen special-
ties; manufacture flour, cereal, pet foods, and other grain mill
products; make bread, cookies, and other bakery products;
manufacture sugar, candy, and other confectionery products;
process shortening, margarine, and other fats and oils; pro-
duce alcoholic and nonalcoholic beverages; prepare packaged
fish and seafood, coffee, potato and corn chips, and peanut
butter. Although this list is long, it is not exhaustive—food
processing workers also play a part in delivering numerous
other food products to our tables.

Table 1 shows that about 29 percent of all food process-
ing workers are employed in plants that produce meat prod-
ucts, and another 26 percent work in establishments that
make bakery goods and preserved fruits and vegetables.
Sugar and confectionery products, the smallest sector of
the food processing industry, accounts for only about 6
percent of all jobs.

Table 1. Employment in food processing by industry segment,
1998 and projected change, 1998-2008 '

(Employment in thousands)

1998-2008

1998 Percent
Industry segment Employment  change
Total employment ...............cueervereeennnn. 1,686 2.4
Meat products ...........ccccccerrvevvereiennene. 494 15.4
Preserved fruits and vegetables............... 229 -5.6
Bakery products .............ccccceuvereurrennnnnne. 206 -4.7
Miscellaneous foods products ................. 178 10.6
Beverages ..............ooeveverieiineeeeeeeeeenene 182 --9.7
Grain mill products and fats and oils........ 158 0.8
Dairy products .........cccceueueuveeeeeeerreeeennens 140 -11.6
Sugar and confectionery products .......... 97 -4.0

Working Conditions

Many production jobs in food processing involve repetitive,
physically demanding work. Production workers often stand
for long periods and may be required to lift heavy objects or
use cutting, slicing, grinding, and other potentially dangerous
tools and machines. Food processing workers are highly sus-
ceptible to repetitive strain injuries to hands, wrists, and el-
bows. This type of injury is especially common in meatpacking
and poultry processing plants. In 1997, there were 14.5 cases
of work-related injury or illness per 100 full-time food pro-
cessing workers, more than double the 7.1 rate for the private
sector as a whole. Injury rates vary significantly in specific
food processing industries, ranging from a low of 6.8 per 100
workers in wet corn mills to 32.1 in meatpacking plants, the
highest rate among all industries.

In an effort to reduce occupational hazards, many plants
have redesigned equipment, increased job rotation, allowed
longer or more frequent breaks, and developed training pro-
grams in safe work practices. Some workers wear protective
hats, gloves, aprons, and shoes. In many industries, uniforms
and protective clothing are changed daily for sanitary reasons.

Because of the considerable mechanization in this industry,
most food processing plants are noisy, with limited opportuni-
ties for interaction among workers. In some highly automated
plants, “hands-on,” manual work has been replaced by moni-
toring and troubleshooting for many production workers.

Working conditions also depend on the type of food being
processed. For example, some bakery employees work at night
or on weekends and spend much of their shift near ovens that
can be uncomfortably hot. In contrast, workers in dairies and
meat processing plants work typical daylight hours and may
experience cold and damp conditions. Some plants, such as
those producing processed fruits and vegetables, operate on a
seasonal basis, so workers are not guaranteed steady, year-
around employment and occasionally travel from region to

region seeking work. These plants are increasingly rare, how-
ever, as the industry continues to diversify, and processing
plants produce alternate foods and beverages during otherwise

inactive periods.

Employment
The food processing industry provided nearly 1.7 million jobs
in 1998. Almost all employees are wage and salary workers,
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but a few food processing workers are self-employed. In 1997,
about 11,900 establishments processed food, over half em-
ploying fewer than 20 workers (chart). Nevertheless, estab-
lishments employing 100 or more workers accounted for nearly
80 percent of all jobs.

Food processing workers are found in all States, although
some sectors of the industry are concentrated in certain parts
of the country. For example, Arkansas, Georgia, lowa, North
Carolina, and Texas employ over a third of workers in meat
producing industries. Wisconsin has more cheese processing
workers than any other State. Similarly, most workers pro-
ducing chewing gum work in Illinois and Pennsylvania. Cali-
fornia accounts for more than 1 in 5 canned, frozen, and pre-
served fruit, vegetable, and food specialty workers, and to-
gether with Illinois, Pennsylvania, and New York, employs a
third of all workers who produce bakery products. Employ-
ment in raw cane sugar processing is concentrated in Florida,
Hawaii, and Louisiana.

Occupations in the Industry

The food processing industry employs many different types
of workers. About three-fourths are production workers, in-
cluding skilled precision workers and less-skilled machine
operators and laborers (table 2). Production jobs require
manual dexterity, good hand-eye coordination, and in some
industries, strength.

" Red meat production is the most labor-intensive food pro-
cessing operation. Because animals are not uniform in size,
slaughterers and meatpackers must slaughter, skin, eviscer-
ate, and cut each carcass into large pieces. They usually do
this work by hand, using large, heavy power saws. They also
clean and salt hides and make sausage. Meatcutters and trim-
mers use hand tools to break down the large primary cuts into
smaller sizes for shipment to wholesalers and retailers. Poul-
try trimmers and cutters use knives and other hand tools to
eviscerate, split, and bone chickens and turkeys.

Bakers mix and bake ingredients according to recipes to
produce breads, cakes, pastries, and other goods. Bakers

Nearly 80 percent of the jobs in food processing were
in establishments that employed 100 or more workers

Percent
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produce goods in large quantities, using mixing machines,
ovens, and other equipment.

Many food processing workers use their hands or small hand
tools to do their jobs. Cannery workers perform a variety of
routine tasks—such as sorting, grading, washing, trimming,
peeling, or slicing—in canning, freezing, or packing food prod-
ucts. Hand food decorators apply artistic touches to prepared
foods. Candy molders and marzipan shapers form fancy
shapes by hand.

With increasing levels of automation in the food process-
ing industry, a growing number of workers operate machines.
For example, food batchmakers operate equipment that mixes,
blends, or cooks ingredients used in manufacturing various
foods, such as cheese, candy, honey, and tomato sauce. Dairy
processing equipment operators process milk, cream, cheese,
and other dairy products. Cutting and slicing machine opera-
tors slice bacon, bread, cheese, and other foods. Mixing and
blending machine operators produce dough batters, fruit
juices, or spices. Crushing and grinding machine operators
turn raw grains into cereals, flour, and other milled grain prod-
ucts, and they produce oils from nuts or seeds. Extruding and
forming machine operators produce molded food and candy,
and casing finishers and stuffers make sausage links and simi-
lar products. Bottle packers and bottle fillers operate machines
that fill bottles and jars with beverages, preserves, pickles,
and other foodstuffs.

Cooking machine operators steam, deep fry, boil, or pres-
sure cook meats, grains, sugar, cheese, or vegetables. Grain
roasters operate equipment that roasts grains, nuts, or coffee
beans, and drying machine operators tend ovens, kilns, dry-
ers, and other equipment that removes moisture from maca-
roni, coffee beans, cocoa, and grain. Baking equipment op-
erators tend ovens that bake bread, pastries, and other prod-
ucts. Some foods—ice cream, frozen specialties, and meat,
for example—are placed in freezers or refrigerators by cool-
ing and freezing equipment operators. Other workers tend
machines and equipment that clean and wash food or food
processing equipment. Some machine operators also clean
and maintain machines and perform other duties such as check-
ing the weight of foods.

Many other workers are needed to keep food processing
plants and equipment in good working order. Industrial ma-
chinery mechanics repair and maintain production machines
and equipment. Maintenance repairers perform routine ma-
chinery maintenance, such as changing and lubricating parts.
Specialized mechanics include air-conditioning and refrigera-
tion technicians, farm equipment mechanics, and diesel en-
gine specialists.

Still other workers directly oversee the quality of the work
and of final products. Blue-collar worker supervisors direct
the activities of production workers. Graders and sorters of
agricultural products, production inspectors, and quality con-
trol technicians evaluate foodstuffs before, during, or after
processing.

Food may spoil if not properly packaged and promptly de-
livered, so packaging and transportation employees play a vi-
tal role in the industry. Among these are freight, stock, and
material movers, who manually move materials; hand pack-
ers and packagers, who pack bottles and other items as they
come off the production line; and machine feeders and .
offbearers, who remove goods from the end of the production
line. Industrial truck and tractor operators drive gasoline or
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electric-powered vehicles equipped with fork lifts, elevated
platforms, or trailer hitches to move goods around a storage
facility. Truckdrivers transport and deliver livestock, materi-
als, or merchandise, and may load and unload trucks. Driver/
sales workers drive company vehicles over established routes
to deliver and sell goods, such as bakery items, beverages,
and vending machine products.

The food processing industry also employs a variety of mana-
gerial and professional workers. Managers include general
managers and top executives, who make policy decisions; in-
dustrial production managers, who organize, direct, and con-
trol the operation of the manufacturing plant; and marketing,
advertising, and public relations managers, who direct adver-
tising, sales promotion, and community relations programs.

Engineers, scientists, and technicians are becoming increas-
ingly important as the food processing industry implements
new automation. These workers include industrial engineers,
who plan equipment layout and workflow in manufacturing
plants, emphasizing efficiency and safety. Also, mechanical
engineers plan, design, and oversee the installation of tools,
equipment, and machines. Chemists perform tests to develop
new products and maintain quality of existing products. Com-
puter programmers and systems analysts develop computer
systems and programs to support management and scientific
research. Food scientists, such as food technicians and tech-
nologists and chemical technicians, work in research labora-
tories or on production lines to develop new products, test
current ones, and control food quality.

Finally, many sales workers, including manufacturers’ rep-
resentatives and demonstrators, are needed to sell the manufac-
tured goods to wholesale and retail establishments. Bookkeep-
ing and accounting clerks, procurement clerks, and traffic clerks
keep track of the food products going into and out of the plant.
Janitors and cleaners keep buildings clean and orderly.

Training and Advancement

Most workers in production line food processing jobs require
little formal education or training. Graduation from high
school is preferred but not always required. In general, inex-
perienced workers start as helpers to experienced workers and
learn skills on the job. Many of these entry-level jobs can be
learned in a few days. Typical jobs include operating a bread
slicing machine, washing fruits and vegetables before process-
ing begins, hauling carcasses, or packing bottles as they come
off the production line. Even though it may not take long to
learn to operate a piece of equipment, employees may need
several years of experience to enable them to keep the equip-
ment running smoothly, efficiently, and safely.

Some food processing workers receive specialized train-
ing. Inspectors and quality control workers, for example, are
often trained in food safety and may need a certificate to be
employed in a food processing plant. In addition to special-
ized training, a growing number of workeis receive broader
training to perform a number of jobs. The need for flexibility
in more automated workplaces has meant that many food pro-
cessing workers are learning new tasks and being trained to
effectively work in teams.

Advancement may come in the form of higher earnings or
more responsibility. Helpers usually progress to jobs as ma-
chine operators, but the speed of this progression can vary
considerably. Some workers who perform exceptionally well
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on the production line, or those with special training and ex-
perience, may advance to supervisory positions. Advance-
ment opportunities may be influenced by plant size and the
existence of formal promotion tracks.

Table 2. Employment In food processing by occupation, 1998
and projected change, 1998-2008

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ...................cceoevecenneene 1,686 100.0 21
Operators, fabricators, and
laborers ............coevvevveveenneeneereenes 903 53.6 4.6
Meat, poultry, and fish cutters
and trimmers, hand ............ccco.... 140 8.3 246
Packaging and filling machine
operators and tenders .................. 138 8.2 6.0
Hand packers and packagers ........... 113 6.7 3.5
Truckdrivers ...........cccceveeereeeereneenenes 88 5.2 -5.3
Cannery workers..............cccceeeeeennnene. 48 2.9 -12.2
Freight, stock, and material movers,
hand ......ccooeieinniininisneneniseenenne 41 25 -15.2
Crushing and mixing machine
operators and tenders.................. 32 1.9 41
Industrial truck and tractor
OpPerators .........cccceveeeeereereecersenne 29 1.7 0.3
Cooking and roasting machine .
operators and tenders.................. 28 . 16 -9.1
Dairy processing equipment
operators ............ccceeeeeeevveneennens 14 0.8 -18.8
Machine feeders and offbearers ....... 13 0.8 7.7
Precision production, craft, and
repalr ... 360 214 3.2
Blue-collar worker supervisors .......... 79 4.7 2.0
Butchers and meatcutters ................. 59 35 3.2
Industrial machinery mechanics........ 52 31 8.4
Bakers, manufacturing ...................... 39 2.3 14.6
Inspectors, testers, and graders,
PreciSion .........cccceeeveeeeruereeereenereene 27 1.6 -10.8
Maintenance repairers, general
ULIlIEY . 23 1.4 -6.6
Administrative support, including
clerical .............coviviienirnrinrerreeerene 130 7.7 -8.0
Shipping, receiving, and traffic
ClOKS .....cveirieineireiitie e cnnenne 23 14 7.9
Financial records processing
occupations .............ccceeeeeeeeeeeenens 22 13 -16.3
General office clerks................c........ 16 1.0 2.0
Executive, administrative, and
managerial ................cooevvevvvennninennnns 100 5.9 -1.8
General managers and top
OXOCULIVES .......ccccveeenrenrereeee e 25 1.5 -1.3
Management support occupations.... 23 14 -1.1
Industrial production managers ........ 16 1.0 -3.5
Marketing and sales ............................. 68 4.1 2.3
Service...............ocuen.... 60 3.5 -9.5
Janitors and cleaners 33 2.0 -7.3
Agricuiture, foresiry, fishing, and
refated ..., 28 1.6 5.1
Techniclans and related support ........ 20 1.2 -6.9
Professional speclalty .......................... 17 1.0 11.7

Requirements for other jobs are similar to requirements
in other industries. Employers usually hire high school
graduates for secretarial and other clerical work. Graduates



of 2-year associate degree or other postsecondary programs
often are sought for science technician and related positions.
College graduates or highly experienced workers are pre-
ferred for middle management or professional jobs in per-
sonnel, accounting, marketing, or sales. Some specialized
research positions may require a master’s or doctoral degree
in chemistry, engineering, food science or technology, or a
closely related field.

Table 3. Average earnings of production or nonsupervisory
workers in food processing by Industry segment, 1998

Industry segment Weekly Hourly

_Total, private industry ............ccccceeeerenennee. $442 $12.77
Total, food Processing ..........ceeevereereeennns 482 11.80
BBVOrages ........ccccecervmuecerrneeceessesseseeiennns 706 16.11
Grain mill products .........cccceoeereeececeeeeennnns 680 14.89
Fats and OilS ........cccocceeeeeeeeerererccecececneenennee 553 12.84
Dairy products ..........ccecueeeeeeeceerrenreceenneeens 570 13.57
Sugar and confectionery products .. 539 13.05
Bakery products .........cccccceeveeeeeenennee 520 12.75
Preserved fruits and vegetables ... 472 11.34
Miscellaneous foods ...............c..... 423 10.67
Meat products ...........ccceeeeeeeecerneneneiennne 398 9.66
Earnings

Table 3 shows that production workers in food processing
averaged $11.80 an hour, compared to $12.77 per hour for all
workers in private industry in 1998. Weekly earnings among
food processing workers, however, were higher than average,
$482 compared to $442, reflecting more hours of work. Food
processing workers averaged about 41.7 hours a week, com-
pared to only 34.6 for all workers in the private sector. Weekly
earnings ranged from $398 in meat products manufacturing
plants to $706 in beverages manufacturing plants. Hours
worked play a large part in determining earnings. For ex-
ample, fats and oils manufacturing workers, who averaged 43.1
hours a week, had lower hourly eamnings but higher weekly
earnings than bakery products manufacturing workers, who
averaged 40.8 hours a week. Earnings in selected occupa-
tions in food processing appear in table 4. :

In 1998, about 23 percent of workers in the food processing
industry belonged to a union or were covered by a union con-
tract, compared to 15.4 percent of all workers in the private
sector. Prominent unions in the industry include the United
Food and Commercial Workers, Teamsters, Bakery and Con-
fectionery Workers, Grain Millers, and Distillery Workers.

Outlook

Employment in food processing is expected to grow by about
2 percent over the 1998-2008 period, more slowly than the 15
percent growth projected for all industries in the economy.
The primary source of this growth will be the rising demand
for food products by an increasing population. Growing au-
tomation and productivity will moderate the increase some-
what, but the rapid employee turnover in many segments of
food processing will create numerous job openings for work-
ers wishing to enter the industry.

Job growth will be concentrated among production work-
ers—the largest group of workers in the industry. Because
rmménf the sorting, cutting, and chopping tasks performed
ERIC

Aruitoxt provided by Eic: -

L

67

by these workers have proven difficult to automate, em-
ployment among hand workers will rise along with the
growing demand for food products. One rapidly growing,
hand-working occupation is meat, poultry, and fish cutters,
whose employment will rise as the consumption of meat,
poultry and fish climbs and more processing takes place at
the manufacturing level. Indeed, many production work-
ers will benefit from the recent rise in the share of process-
ing that occurs in food processing plants instead of in retail
establishments.

Table 4. Medlan hourly earnings of the largest occupations in
food processing, 1997

Food All

Occupation processing industries
First-line supervisors and supervisors/

managers-production and operating

WOTKOIS c.covveeeerereneeresesseseseeseneseesescseene $15.49 $16.62
Machinery maintenance mechanics ........ 13.89 14.72
Truck drivers, heavy or tractor-trailer ......... 12.81 13.08
Bakers, manufacturing ..........ceceeeevvenennene 10.28 10.25
Packaging and filling machine operators

and tenders .........ccocceveceieirieeccnncneen. 9.69 9.38
Janitors and cleaners, except maids and

housekeeping cleaners ...................... 8.73 7.44
Slaughterers and butchers ...................... 8.69 8.67
Hand packers and packagers .................. 8.30 6.90
CannBry WOTKEIS ..........ccceveevesveereesseceesnses 7.56 7.55
Meat, poultry, and fish cutters and

trimmers, hand............cccooveeevrvcrcreneens 7.46 7.51

Although automation has had little effect on most hand
workers, it is having a broader impact on numerous other
occupations in the industry. Fierce competition has led food
processing plants to invest in technologically advanced ma-
chinery to be more productive. These machines have been
applied to tasks as varied as packaging, inspection, and in-
ventory control. As a result, employment has fallen among
some machine operators, such as packaging machine opera-
tors, but has risen for industrial machinery mechanics who
repair and maintain the new machinery. Computers are also
being widely implemented throughout the industry, reduc-
ing employment levels of some mid-level managers and ad-
ministrative support workers, but increasing the demand for
workers with excellent technical skills. Taken as a whole,
automation will continue to have a significant impact on
workers in the industry as competition becomes even more
intense in coming years.

Food processing firms will be able to use this new auto-
mation to better meet the changing demands of the Ameri-
can marketplace. As convenience becomes more impor-
tant, consumers increasingly demand highly-processed
foods such as pre-peeled and cut carrots and microwaveable
soups or “ready-to-heat” dinners. Such a shift in consump-
tion will contribute to the demand for food processing work-

ers and will lead to the development of thousands of new
e
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processed foods. Domestic producers will also attempt to
market these goods abroad as international trade continues
to grow. The combination of growing export markets and
shifting domestic consumption will help employment
among food processing workers to rise slightly over the
next decade and will lead to significant changes through-
out the food processing industry.

Sources of Additional Information

For information on job opportunities in food processing, con-
tact individual manufacturers, locals of the unions listed above,
and State employment service offices. Informational brochures
on occupations in the industry are available from:
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> United Food and Commercial Workers International Union,
1775 K St. NW., Washington, DC 20006.

Detailed information on many occupations in food process-
ing, including the following, appears in the 2000-2001 Occu-
pational Outlook Handbook.

Butchers and meat, poultry, and fish cutters
Blue-collar worker supervisors

Handlers, equipment cleaners, helpers, and laborers
Industrial production managers

Material moving equipment operators
Truckdrivers

Science and mathematics technicians



Motor Vehicle and Equipment Manufacturing

(SIC 371)

SIGNIFICANT POINTS '

Nearly one-third of all the industry’s jobs are located in Michigan.
Very large establishments dominate the industry.
Average earnings are very high compared to other industries.

Employment is expected to decline and is highly sensitive to cyclical swings in the economy.

Nature of the Industry

The motor vehicle is an intricate series of systems, subsystems,
and components integrated into a final product. In the pro-
cess of product design, no system is developed to exist as a
separate entity; all systems must interface with others. Motor
vehicle and equipment manufacturers, like the systems mak-
ing up their products, are complex organizations that are con-
stantly evolving to maximize efficiency and remain viable in
a highly competitive market.

Motor vehicles play a central role in our society. Most
Americans rely on them every day to get to work or school, to
go shopping, or to visit family and friends. Businesses de-
pend on motor vehicles to transport people and goods. The
United States is the world’s largest marketplace for motor
vehicles due to the size and affluence of its population. In
1998, over 180 million motor vehicles—over 103 million pas-
senger cars and 77 million trucks—were registered in the
United States. The number of light trucks has shown espe-
cially steady growth since the mid- to late 1980’s.

The motor vehicle and equipment manufacturing industry
in the United States has become increasingly integrated into
the international economy. American motor vehicle and equip-
ment manufacturers have teamed up with some of their for-
eign competitors to design, produce, and distribute vehicles
and parts, leading to a highly complex system of production.
In a move to reduce distribution costs, manufacturers from
the United States, Europe, and the Pacific Rim have located
production plants in the countries where they plan to sell their
vehicles. Foreign motor vehicle and parts makers with pro-
duction sites in the United States are known as “transplants”
and account for a growing share of production and employ-
ment in the United States.

Globalization of the industry has boosted competition
among U.S. motor vehicle manufacturers, prompting innova-
tions in product design and the manufacturing process. One
result of these innovations is a proliferation of rapidly designed
and produced new models aimed at niches in the market. Firms
must be flexible to quickly implement new types of produc-
tion. As the nature of the vehicle market in the United States
continues to change, production techniques used by U.S. mo-
tor vehicle producers change along with it.

The cars we drive are only a small part of the story in
motor vehicle and equipment manufacturing. In 1997, about
5,300 establishments manufactured motor vehicles and
equipment, ranging from small parts plants with only a few
“"‘"@" to huge assembly plants that employ thousands.
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Table 1 shows that nearly 7 out of 10 establishments manu-
factured motor vehicle parts and accessories—including ax-
les, brakes, camshafts, defrosters, engines, frames, manifolds,
radiators, steering mechanisms, transmissions, and wind-
shield wiper systems. Other establishments specialized in
assembling finished motor vehicles—passenger cars, sport
utility vehicles, pickup trucks and vans, heavy-duty trucks,
buses, and special purpose motor vehicles ranging from lim-
ousines to garbage trucks. Still others manufacture truck
trailers, motor homes, and special bodies placed on sepa-
rately purchased truck or bus chassis.

Motor vehicle and equipment manufacturers have a major
influence on other industries in the economy. They are major
consumers of steel, rubber, plastics, glass, and other basic ma-
terials, thus creating jobs in industries that produce those mate-
rials. The production of motor vehicles also spurs employment
growth in other industries, including motor vehicle dealerships,
automotive repair shops, gasoline service stations, highway
construction companies, and public transit companies.

Table 1. Percent distribution of establishments in motor vehicie
and equipment manufacturing by actlvity, 1997

Manufacturing Establishments
activity
Total ...t 100.0
Motor vehicle parts and accessories........ 68.5
Truck and bus bodies...........c.ceeevveviencenee 13.3
Motor vehicles and car bodies.................. 9.1
Truck trailers ...........ooinenninicneniiinnes 7.4
Motor homes ...........cceveiveimeineiesineiennennns 1.7

SOURCE: U.S. Department of Commerce, County Business
Pattemns, 1997

Working Conditions
In 1998, 37 percent of workers in the motor vehicle and equip-
ment manufacturing industry worked, on average, more than
40 hours per week. Overtime is especially common during pe-
riods of peak demand. Most employees, however, typically work
an 8-hour shift; either from 7:00 a.m. to 3:30 p.m. or 4:00 p.m.
to 12:30a.m., with two breaks per shift and a hatf-hour for meals.
A third shift often is reserved for maintenance and cleanup.
Although working conditions have improved in recent
years, some production workers are still subject to uncom-
fortable conditions. Heat, fumes, noise, and repetition are not
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uncommon in this industry. In addition, many workers come
into contact with oil and grease and may have to lift and fit
heavy objects. Employees also may operate powerful, high-
speed machines that can be dangerous. Accidents and injuries
usually are avoided when protective equipment and clothing
are worn and safety practices are observed.

Newer plants are more automated and have safer, more
comfortable conditions. For example, these plants may have
ergonomic work areas, designed to accommodate the
worker’s physical size and eliminate unnecessary reaching
and bending. Workers may function as part of a team, doing
more than one job and thus reducing the repetitiveness of
assembly line work.

Workers in the motor vehicle and equipment manufactur-
ing industry experience higher rates of injury and illness than
workers in most other industries. In 1997, cases of work-re-
lated injury and illness averaged 19.2 per 100 full-time work-
ers in motor vehicle and equipment manufacturing, compared
to 10.3 in all manufacturing industries and 7.1 in the entire
private sector.

As in other industries, professional and managerial work-
ers normally have clean, comfortable offices, and are not sub-
ject to the hazards of assembly line work. Improved ergo-
nomics help clerical support workers avoid repetitive strain
injuries, but employees using computer terminals for long
periods may develop eye strain and fatigue.

Employment
Motor vehicle and equipment manufacturing was among the
largest of the manufacturing industries in 1998, providing
990,000 jobs. The majority of jobs, 60 percent, are in firms
that make motor vehicle parts and accessories. About 29 per-
cent of workers in the industry are employed in firms assem-
bling motor vehicles and car bodies, while 11 percent work in
firms producing truck and bus bodies, truck trailers, and mo-
tor homes.

Although motor vehicle and equipment manufacturing jobs
are scattered throughout the Nation, certain States account for

Over 51 percent of motor vehicle and equipment
manufacturing jobs are in firms with over 1,000 workers

Percent

B Establishments
] Employment

419

29.3
27.1

-
184
14.3
9.7
09 -

1t09 10to 49 5010249 25010999 1000+
Number of workers employed by establishment

Source: U.S. Department of Commerce, County Business Pattemns, 1997
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the greatest number of jobs. Michigan, for example, accounts
for nearly one-third of all jobs. Combined, Michigan, Ohio,
and Indiana include over half of all the jobs in this industry.
Other States that account for significant numbers of jobs are
California, New York, Illinois, Missouri, North Carolina, Ten-
nessee, and Wisconsin.

Employment is concentrated in a relatively small number
of very large establishments. Over 51 percent of motor ve-
hicle and equipment manufacturing jobs are in firms with over
1,000 workers (chart). Motor vehicle and car body manufac-
turing employment in particular is concentrated in large firms,
whereas many motor vehicle parts and accessories jobs are
found in small and medium-sized firms.

Compared to other industries, workers in motor vehicle and
equipment manufacturing are somewhat older than average.
In 1998, the median age was 40.8 years, compared to 39.1
years for all workers.

Occupations in the Industry

Most people know about the assembly line, a concept that origi-
nated in the motor vehicle manufacturing industry, but few
are aware-that production of a part or assembly of a motor
vehicle is preceded by extensive design work, engineering,
testing, and production planning. These tasks often require
years and millions of dollars.

Executives and managers establish guidelines to follow in
the design of motor vehicles by teams of experts in engineer-
ing, design, marketing, sales, finance, and production. From
the earliest stages of planning and design, these specialists
help assess whether the vehicle will satisfy consumer demand,
meet safety and environmental regulations, and prove eco-
nomically practical to make.

Using artistic talent, computers, and information on prod-
uct use, marketing, materials, and production methods, de-
signers create a design they hope will make the vehicle com-
petitive in the marketplace. Sketches and computer-aided
design techniques are used to create computer models of pro-
posed vehicles. Workers may repeatedly modify and rede-
sign the models until they meet the engineering, production,
and marketing specifications. Designers working in parts and
accessory production increasingly collaborate with manufac-
turers in the initial design stages to insure that motor vehicle
parts and accessories are fully integrated into the design speci-
fications for each vehicle.

Employing computer-aided drafting systems, drafters pre-
pare drawings showing the technical specifications of motor
vehicles and parts. Once the vehicle’s design is established, a
fiberglass model of the exterior and perhaps some interior fea-
tures is made.

Engineers—the largest professional specialty occupation
in the industry—play an integral role in all stages of motor
vehicle manufacturing. They oversee the building and testing
of the engine, transmission, brakes, suspension, and other
mechanical and electrical components. Using computers and
assorted models, instruments, and tools, engineers simulate
various parts of the vehicle to determine whether they meet
cost, safety, performance, and quality specifications. Mechani-
cal engineers design improvements for engines, transmissions,
and other working parts. Electrical and electronics engineers
design the vehicle’s electrical system, including the ignition
system and accessories, and industrial robot control systems
used to assemble the vehicle.
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Engineering technicians are the largest technician occupa-
tion in the industry. They prepare specifications for materials,
devise and run tests to ensure product quality, and study ways
to improve manufacturing efficiency under the direction of en-
gineers. For example, testing may reveal how metal parts per-
form under heat, cold, and stress, and whether emissions con-
trol equipment meets environmental standards. Finally, proto-
type vehicles incorporating all the components are built and
tested on test tracks, road simulators, and in test chambers that
can duplicate almost every driving condition, including crashes.

Before full production begins, engineers, technicians, sci-
entists, designers, and others continue to modify the vehicle’s
interior and exterior design, and they determine the exact
materials and parts to be used. Industrial engineers concen-
trate on plant layout, including the arrangement of assembly
line stations, material moving equipment, work standards, and
other production matters. Computer programmers write de-
tailed instructions for computers, and systems analysts work
with computer systems to improve manufacturing efficiency.
When the many details are worked out, the machinery and
tools required for assembly line production of the vehicle are
set in place. Purchasing agents and managers buy the raw
materials, machinery, tools, and other equipment required to
produce the motor vehicles and parts.

Industrial production managers oversee blue-collar worker
supervisors. These supervisors oversee skilled craft and re-
pair workers, machine operators, and laborers, and coordinate
all production activities—scheduling, staffing, equipment,
quality control, and inventory control. A variety of manufac-
turing processes are used. For example, metal parts are welded;
plastic and glass parts are molded and cut; seat cushions are
sewn; and many parts are painted. Many manufacturing pro-
cesses are highly automated; robots, computers, and program-
mable devices are an integral part of motor vehicle manufac-
turing. Throughout the manufacturing process, “statistical
process control” (team work and quality control) is empha-
sized. From initial planning and design to final assembly,
numerous tests and inspections insure that vehicles meet qual-
ity and safety standards.

Production workers and operators, fabricators, and labor-
ers account for nearly 3 out of 4 motor vehicle and equipment
manufacturing jobs (table 2). Formal educational requirements
range from less than high school for unskilled laborers, to a
high school diploma for semiskilled machine operators and
skilled workers, to vocational school or community college
training for some skilled jobs such as welders and cutters or
mechanics and repairers. As the industry becomes more com-
plex and the need for unskilled laborers decreases, employers
are increasingly looking for candidates with at least a high
school education.

Operators, fabricators, and laborers comprise over half
of industry employment. These workers need physical
stamina and coordination, and they must adapt to techno-
logical advances. Assemblers put together various parts to
form subassemblies and then put the subassemblies together
to build a complete motor vehicle. Some may perform other
routine tasks such as mounting and inflating tires, adjusting
brakes, and adding gas, oil, brake fluid, and coolant. Grind-
ers and polishers work on metal, plastic, and glass parts.
Although robots perform most of the welding, welders and
cutters still are needed for some welding and for mainte-

¢~ and repair duties.
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Table 2. Wage and salary employment in motor vehicle and
equipment manufacturing by occupation, 1998 and projected
change, 1998-2008 -

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ............ccoceveveeeneenereneene 990 100.0 -5.0
Operators, fabricators, and
1aDOTErS ......ccoeerererreireieieieeireencnenne 523 52.8 -4.9
Hand workers, including
assemblers and fabricators.......... 289 29.2 -4.9
Machine setters, operators, and
[ 1210 L= T 183 18.5 -3.7
Helpers, laborers, and material
movers, hand ...ccoceevevnueeieinniinnens 31 3.2 -8.7
Transportation and material moving
machine and vehicle operators ... 20 2.0 -10.6
Precision production, craft, and
FEPAIN ....c.eoeeerniiericininentensesrenrasessaes 203 20.5 -8.9
Mechanics, installers, and repairers .. 52 53 -5.8
Blue-collar worker supervisors .......... 36 3.6 -13.9
Metal workers, precision ................... 29 29 -6.4
Inspectors, testers, and graders ....... 29 29 -17.1
Assemblers, precision ............ccoee.e. 24 2.5 -7.3
Electricians . 15 15 4.4
Tool and die Makers .......c..ccevveuennneae 13 1.3 -13.9
Professional specialty 93 9.4 8.5
Engineers .........cceceuneee .. 68 6.8 10.2
Executive, administrative, and
managerial ...........cooveeinenninnenenee. 67 6.7 -3.8
Management support occupations.... 26 2.6 5.2
Industrial production managers ........ 10 1.1 2.2

Administrative support, including
clerical ......cccveveeveceiicinininererenintesens 56 57 -12.3
Material recording, scheduling,
dispatching, and distributing

OCCUPAONS ...ovecerrreisruessnsesaessnenes 25 2.6 -11.3
Techniclans and related support ........ 24 24 -9.0
Engineering technicians .................... 22 22 -84
Marketing and sales ..............ccoceueeenene. 12 1.3 -4.4

Service 11 12 -4.4

Machine setters, operators, and tenders—who run vari-
ous machines that produce the array of motor vehicle bodies
and parts—account for nearly 1 out of 5 jobs. These work-
ers set up and operate machines and make adjustments ac-
cording to their instructions. In computer-controlled sys-
tems, they monitor computers that control the machine pro-
cesses and may have little interaction with the machinery or
materials. Machine tool cutting and forming setters, opera-
tors, and tenders, the largest occupation in this group, oper-
ate numerous machines from drill presses used to drill holes
to lathe machines that cut materials such as rods or crank-
shafts. Some workers specialize in one type of machine;
others operate more than one type.

Among other machine operators, numerical-control ma-
chine-tool operators use machine tools that can be pro-
grammed to manufacture parts of different dimensions auto-
matically. Welding machine operators tend laser-beam and
other welding machines that join together metal parts. Paint-
ing and coating machine operators paint surfaces of motor
vehicles, and furnace operators tend heating equipment that
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performs such operations as baking fiberglass, drying painted
products, and fusing glass or enamel to metal products. Sew-
ing machine operators sew together pieces of material to form
seat covers and other parts.

Keeping the plant running smoothly requires vehicle and
mobile equipment operators and manual laborers. Indus-
trial truck and tractor operators carry materials and equip-
ment around and between factories, warehouses, and out-
door storage areas. Truckdrivers carry raw materials to
plants, equipment and materials between plants, and finished
motor vehicles to dealerships for sale to consumers. Among
unskilled laborers, freight, stock, and material movers move
materials to and from storage areas, loading docks, delivery
vehicles, and containers. Machine feeders and offbearers
feed materials into or remove materials from machines or
equipment on the assembly line, and hand packers manually
package or wrap materials. Vehicle washers and equipment
cleaners clean vehicles and machinery using various clean-
ing equipment and agents.

Precision production, craft, and repair workers, the sec-
ond largest group of production jobs, account for 1 out of 5
jobs in the motor vehicle and equipment manufacturing in-
dustry. These skilled workers set up, maintain, and repair
equipment and assemble complex components, such as en-
gines. Electricians service complex electrical equipment.
Plumbers and pipefitters install and repair piping, valves,
pumps, and compressors. Industrial machinery mechanics and
maintenance repairers maintain machinery and equipment to
prevent costly breakdowns and, when necessary, perform re-
pairs. Millwrights install and move machinery and heavy
equipment according to the factory’s layout plans. Vehicle
and mobile equipment mechanics repair bodies, engines, and
other parts of motor vehicles, industrial trucks, and other mo-
bile heavy equipment.

Precision assemblers assemble engines and perform other
assembly work requiring great precision. Throughout the
manufacturing process, inspectors, testers, and graders en-
sure that motor vehicles and parts meet quality standards.
They inspect raw materials, check parts for defects, check
the uniformity of subassemblies, and test drive vehicles. Ma-
chinists produce precision metal parts that are made in num-
bers too small to produce with automated machinery. Tool
and die makers produce tools, dies, and special guiding and
holding devices used in machines. Sheet metal workers cut,
bend, and straighten sheet metal suitable for various motor
vehicle parts.

Training and Advancement

Faced with technological advances and the continued need
to cut costs, manufacturers increasingly emphasize continu-
ing education and cross-train many workers, that is, they train
workers to do more than one job. This has led to a change in
the profiie of the industry’s workers. Standards for new hires
are much higher now than in the past. Employers increas-
ingly require a minimum of a high school diploma as the
number of unskilled jobs declines. The average worker is
expected to work with much less supervision than in the past
and needs to be self-motivated. Because many plants now
emphasize the team approach, employees interact more with
co-workers and superiors to determine the best way to get
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the job done. Therefore, employers look for employees with
good communication and math skills, as well as an aptitude
for computers, problem solving and critical thinking. How-
ever, manual dexterity will continue to be necessary in many
production jobs.

Opportunities for training and advancement vary consid-
erably by occupation, plant size, and sector. Training pro-
grams in larger auto and light truck assembly plants usually
are more extensive than those in smaller parts and accesso-
ries, truck trailer, and motor home factories. Production work-
ers receive most of their training on the job or through more
formal apprenticeship programs. Training normally takes from
a few days to several months and may combine classroom
with on-the-job training under the guidance of more experi-
enced workers. Attaining the highest level of skill in some
production jobs requires several years, however. Training in-
cludes courses in health and safety, teamwork, and quality
control. With advanced training and experience, production
workers can advance to inspector or more skilled production,
craft, or repair jobs.

Skilled precision production workers—such as tool and die
makers, millwrights, machinists, pipefitters, and electricians—
are normally hired on the basis of previous experience and, in
some cases, a competitive examination. Alternatively, the
company may train inexperienced workers in apprenticeship
programs that last up to 5 years and combine on-the-job train-
ing with classroom instruction. Typical courses include me-
chanical drawing, tool designing and programming, blueprint
reading, shop mathematics, hydraulics, and electronics. Train-
ing also includes courses on health and safety, ttamwork, qual-
ity control, computers, and diagnostic equipment. The most
highly motivated, experienced workers can advance to blue-
collar worker supervisor.

Motor vehicle manufacturers provide training opportuni-
ties to all workers, regardless of educational background.
Manufacturers offer classes themselves and pay tuition for
workers who enroll in colleges, trade schools, or technical
institutes. Workers sometimes can get college credit for train-
ing received on the job. Company training ranges from
courses in communication skills to computer science. For-
mal educational opportunities range from courses in English
and basic mathematics to work-study programs leading to
college and graduate degrees in engineering, management,
and other fields.

Earnings

Average weekly earnings of production or non-supervisory
workers in the motor vehicle and equipment manufactur-
ing industry are relatively high. In 1998, workers in the
industry earned $780 per week, compared to $563 for all
manufacturing industries, and $442 for the entire private
sector. At $933 per week, earnings of production workers
in establishments that manufacture complete motor vehicles
and car bodies were among the highest in the Nation. Work-
ers in establishments that make motor vehicle parts and ac-
cessories averaged $732 weekly; those in truck and bus body
manufacturing earned $681; while truck trailer manufac-
turing workers earned $481. Earnings in selected occupa-
tions in motor vehicle and equipment manufacturing ap-
pear in table 3.
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Table 3. Medlan hourly earnings of the largest occupations In
motor vehlicle and equipment manutacturing, 1997

Motor vehicle All

Occupation manufacturing  industries
Industrial engineers, except safety ......... $28.33 $24.18
Electricians ..........ccoeeeeveecerrveneneineisneseinenns 2145 16.54
Tool and die makers.............evivvciincinn 20.87 17.37
First line supervisors and managers/

supervisors-production and operating

WOTKEIS ...covennenneinenenenaes - 20.13 16.62
Machinery maintenance mechanics ........ 19.81 14.72
Machine tool cutting operators and

tenders, metal and plastic .................. 18.87 11.32
Production inspectors, testers, graders,

sorters, samplers, and weighers ........ 17.83 10.15
Machine builders and other precision

machine assemblers ..............ccoueueneee 16.56 13.47
Assemblers and fabricators, except

machine, electrical, electronic,

and precision..........c.ceeereereecreennns o 14.10 9.25
Welders and cutters ...........cceevvvcvnniincne 11.88 11.90

These hourly earnings may increase during overtime or
special shifts. Workers generally are paid 1 1/2 times their
normal wage rate for working more than 8 hours a day, 40
hours a week, or for working on Saturdays. They may receive
double their normal wage rate for working on Sundays and
holidays. The largest manufacturers and suppliers often offer
other benefits including paid vacations and holidays; life, ac-
cident, and health insurance; education allowances; non-wage
cash payment plans, such as performance and profit-sharing
bonuses; and pension plans. Some laid-off workers in the
motor vehicle and equipment manufacturing industry have
access to supplemental unemployment benefits, which can
provide them with nearly full pay and benefits for up to 3
years, depending on the worker’s seniority.

In 1998, 36.9 percent of workers in motor vehicle and equip-
ment production were union members or were covered by union
contracts, compared to 15.4 percent of workers throughout pri-
vate industry. Unionization rates are higher in motor vehicle
production than in parts and accessories producers. The pri-
mary union in the industry is the United Automobile, Aerospace,
and Agricultural Implement Workers of America, also known
as the United Auto Workers (UAW). Nearly all production
workers in motor vehicle assembly plants and most in motor
vehicle parts plants are covered by collective bargaining agree-
ments negotiated by the UAW. Other unions—including the
International Association of Machinists and Aerospace Work-
ers of America, the United Steelworkers of America, and the
International Brotherhood of Electrical Workers—cover cer-
tain plant locations or specified trades in the industry.

Outlook
Employment in the motor vehicle and equipment manufac-
turing industry is expected to decline 5 percent over the 1998-
2008 period. The need to replace workers who transfer to
jobs in other industries or retire will be the only source of job
openilngs. However, a substantial number of job openings is
S
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expected from this source because over one-third of the mo-
tor vehicle manufacturing workforce is over 44 years old and
positioned to retire in the near future.

Not all the workers who transfer to other occupations or
retire will be replaced. Jobs will be lost due to downsizing
and productivity increases. The growing intensity of interna-
tional and domestic competition has increased cost pressures
on manufacturers. In response, they have sought to improve
productivity and quality through the application of high tech-
nology production techniques, including robots, computers,
programmable equipment, and other production techniques.
Increasing productivity should more than offset the increas-
ing demand for motor vehicles, resulting in a net loss of jobs.
In fact, output in the motor vehicle and equipment manufac-
turing industry is projected to increase, while employment is
expected to decline.

Growth in demand for motor vehicles could be limited by
a number of factors. A slowdown in the growth of the driving
age population, as the smaller post-baby-boom generation
comes of age may slow growth in demand for cars and trucks.
Competition from foreign motor vehicle and parts producers
will continue to control much of the U.S. market. Other fac-
tors that may limit growth of domestic motor vehicle produc-
tion include improvements in vehicle quality and durability,
which extend longevity and more stringent safety and envi-
ronmental regulations, which increase the cost of producing
and operating motor vehicles.

Employment in motor vehicle and equipment manufactur-
ing is highly sensitive to cyclical swings in the economy. Over
the 1972-98 period, employment peaked at over 1 million in
1978 and plunged to under 700,000 in 1982, a recession year.
A 10-percent change in employment from one year to the next
is not unusual, and employment has changed as much as 20
percent in one year (chart). During periods of economic pros-
perity, consumers are more willing and able to purchase ex-
pensive goods such as motor vehicles, which may require large
down payments and extended loan payments. During reces-
sions, however, consumers are more likely to delay such pur-
chases. Motor vehicle manufacturers respond to these changes
in demand by hiring or laying off workers. As it has become
more critical to adopt cost-saving measures, the industry is
increasingly turning to contract employees because it is less
costly to hire and lay off such workers, and it serves as a screen-
ing mechanism as jobs become more complex.

Overall industry employment is expected to decline by
50,000 jobs over the 1998-2008 period. Expanding factory
automation, robotics, efficiency gains, and the need to cut costs
is driving the downward trend. The movement towards effi-
ciency and automation will force an employment decline in
hand worker, precision assembler, and machine setter occu-
pations. Employment of service workers, such as custodians,
is expected to continue its decline as firms employ service
contractors to perform these duties. Administrative support
and clerical workers will absorb some of the decline in indus-
try employment, losing 7,000 jobs to expanding office and
warehouse automation. Employment in marketing and sales
is also expected to decline.

Automation and continued global competition, however, are
expected to produce growth for engineers, industrial produc-
tion managers, and computer specialists. These workers will
increasingly be relied upon for further innovation in reducing
costs and enhancing competitive advantage.
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Employment in motor vehicle and equipment
manufacturing is highly sensitive to cyclical
swings in the economy
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Sources of Additional Information

Information on employment and training opportunities in
the motor vehicle and equipment manufacturing industry
is available from local offices of the State employment ser-
vice, employment offices of motor vehicle and equipment
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manufacturing firms, and locals of the unions mentioned
above.

Detailed information on most occupations in this industry,
including the following, appears in the 2000-01 Occupational
Outlook Handbook.

Blue-collar worker supervisors

Designers

Drafters

Electricians

Engineers

Engineering technicians

Handlers, equipment cleaners, helpers, and laborers
Industrial machinery repairers

Industrial production managers

Inspectors, testers, and graders

Machinists and numerical tool and process control
programmers

Maintenance mechanics, general utility

Material moving equipment operators

Material recording, scheduling, dispatching, and
distributing occupations

Mechanical engineers

Metalworking and plastics-working machine operators
Millwrights

Painting and coating machine operators

Precision assemblers

Tool and die makers

Welders, cutters, and welding machine operators



Printing and Publishing

SIGNIFICANT POINTS

(SIC 27)

® Over 22 percent of the jobs in the industry were in managerial and professional occupations, a
higher proportion than any other manufacturing industry.

® Most firms are small, employing fewer than 10 people.

® Computerization is changing or eliminating occupations.

Nature of the Industry

The printing and publishing industry produces products rang-
ing from newspapers, magazines, and books to brochures, la-
bels, newsletters, postcards, memo pads, business order forms,
checks, maps, and even T-shirts.

This industry includes a number of segments (table 1).
Commercial printing establishments, which print newspaper
inserts, catalogs, pamphlets, and advertisements, make up the
largest segment of the industry, accounting for 40 percent of
employment and 55 percent of total establishments, Newspa-
pers are the next largest sector, with 26 percent of industry
employment. The greeting card segment is the smallest, ac-
counting for only 1.4 percent of employment and 0.2 percent
of total establishments.

Printing and publishing is a large industry composed of
many shops, varying in size. Almost 7 of every 10 printing
shops comprising the industry employ 10 or fewer workers
(chart). These small printing shops are often referred to as
“job shops,” because what they print is determined by the jobs
customers need to lrave printed.

Table 1. Establishments and wage and salary employment In
printing and publishing by detalled industry, 1997

Establishments Employment

TORAI ..eeereeeceerecreenreececeeeecnreereesesaneesensenns 62,577 1,501,714
Printing

Commercial printing .........cccccoveerverurecrenens 34,223 597,828
Blankbooks and bookbinding................... 1,712 64,900
Book printing .......cccoeveeineienieieienieninenee 776 52,709
Manifold business forms .............ccceeunee. 924 44,019
Typesetting .... 2,057 26,114
Platemaking Services .........ccccccerueeereeneees 1,301 25,203
Publishing

NOWSPaPersS.........cccereerervereseressens 8,749 393,590
Periodicals ........ccocveeveneinieceneiceecreeeene 6,245 119,607
Book publishing .........cccceeveveererrerreecerinenene 2,954 88,881
Miscellaneous publishing..............ccceuue.e. 3,358 67,365
Greeting cards .........coceevrveeeceerreeceenenreneens 156 21,422

SOURCE: U.S. Department of Commerce, County Business Pattemns,
1997

There are five printing methods that use plates or some other
form of image carrier: lithography, letterpress, flexography,
gravure, and screen printing. Plateless or nonimpact processes
such as electronic, electrostatic, or inkjet printing, are mainly
used for copying, duplicating, and specialty printing, usually

in quiclk or in-house print shops.
[&
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Lithography, which uses the basic principle that water re-
pels oil, remains the dominant printing process in the indus-
try, accounting for most of it. Lithography lends itself to
computer composition and the economical use of color, ac-
counting for its dominance. In the future, flexography and
gravure are expected to be more widely used. Flexography
produces vibrant colors with little ruboff, qualities valued
for newspapers, directories, and books, which are its biggest
markets. Gravure’s high quality reproduction, flexible pagi-
nation and formats, and consistent print quality has won it a
significant share of packaging and product printing and a
growing share of periodical printing. In response to envi-
ronmental concerns, printers increasingly use alcohol-free
solutions, water-based inks, and recycled paper.

The printing industry, like many other industries, continues
undergoing technological change, as computers and technol-
ogy alter the manner in which work is performed. Many of the
processes that were once done by hand are becoming more au-
tomated. Technology’s influence can be seen in all three stages
of printing: prepress, preparation of materials for printing; press,
the actual printing process; and post-press or finishing, the fold-
ing, binding, and trimming of printed sheets into final form.
The most notable changes are occurring in the prepress stage.
Instead of cutting and pasting articles by hand, it is now com-
mon to produce an entire publication on a computer, complete
with artwork and graphics. Columns can be displayed and ar-
ranged on the computer screen exactly as they will appear in
print, and then printed. Nearly all prepress work is expected to
be computerized by 2008, and workers will need more training
in electronics, computers, and mathematics.

Many segments of the publishing industry produce their
products electronically. For example, many periodicals, books,
and promotional materials can be found on the Internet, on
CD-ROM, and on audio and video tapes. This expansion into
nonprint media is expected to continue as the Internet heralds
anew era in the printing and publishing industry. Individuals
are now designing their own work on the World Wide Web
and, consequently, have a reader base of millions. As a result,
the market for the design and development of Internet pages
and publications is growing significantly.

Working Conditions

The average nonsupervisory worker in the printing industry
worked approximately 38.3 hours per week in 1998, compared
to 41.7 hours per week across all manufacturing industries.
Workers in the industry generally put in an 8-hour day, but
overtime often is required to meet publication deadlines. Some
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Nearly two-thirds of establishments in printing and
publishing employ fewer than 10 workers
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employees, particularly those employed by newspapers, work
nights, weekends, and holidays. Larger companies tend to
have shift work. There is a fair amount of flexibility with
shift schedules and overtime, which is largely based on se-
niority.

Working conditions vary by occupation. For example, press
operators work in noisy environments and often wear ear pro-
tectors. On the other hand, typesetters and compositors usu-
ally work in quiet, clean, air-conditioned offices. Most print-
ing work involves dealing with fine detail, which can be tir-
ing both mentally and physically. Fortunately, with the ad-
vanced technology in machinery, there is not as much strain
on the eyes as in the past.

Even with more safety enhanced machinery, some workers
are still subject to occupational hazards. Platemakers, for ex-
ample, may work with toxic chemicals that can cause skin
irritations, and press operators work with rapidly moving
machinery that can cause injuries. In 1997, work-related in-
juries and illnesses were 5.7 per 100 full-time workers, much
lower than the 10.3 percent rate for manufacturing as a whole.
Blankbooks, such as ledgers and notebooks, and bookbinding
had the highest incidence of injury and illness, with 7.7 cases
per 100 full-time employees. In recent years, however, the
working environment has become less hazardous as the in-
dustry has become more automated. Also, companies are us-
ing fewer chemicals and solutions than in the past and are
experiencing fewer equipment-related accidents.

Employment

In 1998, the printing and publishing industry had about 1.6
million wage and salary jobs in addition to 125,000 self-em-
ployed workers, ranking it among the largest manufacturing
industries. Nearly two-thirds of wage and salary jobs were in
establishments emloying less than 10 workers (chart); nearly
70 percent were in the two largest sectors: commercial print-
ing and newspapers (table 1). Printing plants are widely dis-
persed throughout the country; however, more specialized
types of printing tend to be regionally concentrated. For ex-
ample, financial printing is concentrated in New York City.

Occupations in the Industry

Printing and publishing occupations range from writers, edi-
tors, and sales workers to specialized production occupations
rarely found in other industries (table 2). The printing sectors
that perform press preparation or printing and binding work,
such as commercial printing plants, blankbook and bookbind-
ing shops, and printing trade services account for the majority
of specialized printing occupations.

Specialized printing occupations comprise 25 percent of
industry employment and are located in the prepress, press,
and binding or post-press stages of printing. Almost all jobs
in the printing industry require at least a high school educa-
tion. Additional training and cross training is becoming in-
creasingly necessary as the industry continues to automate. It
often is beneficial to receive training in mathematics, elec-
tronics, and computers.

Prepress printing workers—including typesetting and com-
posing machine operators, and photoengraving and litho-
graphic machine operators—prepare material for printing
presses. Included among their tasks are composing text, de-
signing page layout, photographing text and pictures, and
making printing plates. Precision compositors and typeset-
ters set up and arrange type by hand or by computer into a
galley for printing. Job printers set type according to copy,
read proof copy for errors and clarity, and correct mistakes.
Desktop publishing specialists, using a computer screen, call
up type and art elements to arrange them into a completed
page. The page is then transmitted into film or directly into
plates for production.

Camera operators—who are classified as line camera op-
erators, halftone operators, or color separation photographers—
start the process of making a lithographic plate by photograph-
ing and developing negatives of the material to be printed. Scan-
ner operators employ electronic or computerized scanning
equipment to produce and screen film separations of photo-
graphs or art to use in lithographic printing plates. Operators
review all work and adjust the equipment if they need to make
corrections to the original. Lithographic dot etchers retouch
negatives by sharpening or reshaping the images on the nega-
tives. They work by hand, using chemicals, dyes, and special
tools. Film strippers cut the film to required size and arrange
and tape the pieces of negatives onto “flats,” or layout sheets,
used to make press plates. Platemakers produce printing plates
by exposing sensitized metal sheets to special light through a
photographic negative. Some platemakers operate machines
that process the plates automatically. In letterpress and gravure
printing, photoengravers photograph copy, develop negatives,
and prepare photosensitized metal plates for use.

When the material is ready, printing press operators install
and adjust the printing plate, mix fountain solution, adjust pres-
sure, ink the presses, load paper, and adjust the presses to pa-
per size. Operators must also correct any problems that might
occur during a press run.

Technology is rapidly changing the nature of many tradi-
tional press and prepress occupations. Manual film handling
is quickly becoming the exception rather than the rule. Type-
setters, platemakers, paste up workers, and film strippers are
being replaced with workers who have mastered desktop pub-
lishing and the electronic aspects of the various printing pro-
cesses. Where a camera negative was used in the past to pro-
duce plates of images, those images are increasingly being
recorded by computerized photographic devices.
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Table 2. Employment of wage and salary workers in printing
and publishing by occupation, 1998 and projected change,

1998-2008
(Employment in thousands)
1998 1998-2008

Employment Percent
Occupation Number Percent change
All occupations ...........ceeceveviecnnenee 1,565 100.0 -1.3
Operators, fabricators, and laborers ... 497 31.8 2.7

Helpers, laborers, and material

movers, hand ..........coecveeeenenees 107 6.8 -0.4
Printing press machine setters,

operators and tenders.................. 80 51 3.1
Bindery machine operators and

set-up operators ............cccceeeuennnen. 72 4.6 6.0
Offset lithographic press operators... 57 3.6 -16.0
Truck drivers ..........ccceeveeencsesenennes 42 27 5.7
Hand workers, including assemblers

and fabricators ......c.ccceeeeeeeeernenne 32 20 2.2
Typesetting and composing machine

operators and tenders .................. 0.8 -60.1
Letterpress operators ............cccceeunee 10 0.6 -18.1

Administrative supponrt, including
clerical ........covveivneiinieincenereereceens 318 20.3 -8.4
Office clerks, general......................... 35 2.2 2.9
Bookkeeping, accounting, and

auditing clerks .......c.ccceeveereeeeeenenne 29 1.8 -17.4
Office and administrative support

supervisors and managers .......... 23 15 4
Shipping, receiving, and traffic

ClOTKS ...ttt 21 1.4 -3.0
SECretanies ........ccceeveevererereneeecesenenene 20 1.3 -17.7
Order clerks .........covvvienicrisenennens 19 1.2 -6.3
Adjustment clerks ........ccceceveeeeeeeennenne 17 1.1 13.0
Data entry keyers ............coevvvervurnens 16 1.0 -18.2
Receptionists and information

ClOMKS ...ttt inene 16 1.0 9
Duplicating, mail, and other office

machine operators ...........ccceeeue.e.. 16 1.0 -12.6

Precision production, craft, and

(=] + 1= PO 209 13.3 -1.3
Blue collar worker supervisors . 44 2.8 18
Desktop publishing specialists . 25 1.6 71.0
Film strippers, printing .............. . 23 1.4 -33.1
JOD printers ........evvennereienenneniennns 16 1.0 3.8
Platemakers ...........ccocevueenenne 14 0.9 5.4
Paste-up workers .........ccceceveeeeereenenne 9 0.6 -51.3
Compositors and typesetters,

PreCisSion ..........cccceeveeneenersneeccnns 8 05 -40.4
Camera operators 7 0.5 -34.7
Bookbinders ..........cccoceneirierieieninanne 5 0.4 -16.1

Professionai specialty .......................... 192 12.3 13.4
Writers and editors ..........ccveiviiennne 70 45 19.3
News analysts, reporters and

correspondents..................... v 38 24 74
Artists and commercial artists 32 2.0 228
Computer systems analysts,

engineers, and specialists ........... 16 1.0 4.1

Marketing and sales ...........ccccccceueueee. 165 106 .2
All other sales and related workers .. 141 9.0 9.2
Marketing and sales worker

SUPBIVISOIS .......ccovveeueeireercenennennes 21 14 -1

Executive, managerial, and

administrative .............cccocevervennnnene. 157 101 2
General managers and top

OXBCULIVES .......ccovtiriiiinniicnnenne 56 3.6 -5
Management support occupations.... 32 2.1 3.4
Marketing, advertising, and public

relations managers..........ccceeveneee 21 14 2.3

All other occupatlons ...............cccenennee 26 16 -13.8
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Pre-flight technicians examine and edit the work of desk-
top publishers. They ensure that the design, format, settings,
quality and all other aspects of the automated desktop work
are acceptable, and the finished product is completed accord-
ing to the client’s specifications before it is delivered.

During the binding or post-press stage, the printed sheets
are transformed into products such as books, catalogs, maga-
zines, or directories. Bookbinders assemble books from large,
flat, printed sheets of paper. They cut, saw, and glue parts to
bind new books and perform other finishing operations, such
as decorating and lettering, often using hand tools.

A small number of bookbinders work in hand binderies.
These highly skilled workers design original or special bind-
ings for publications with limited editions, or restore and re-
bind rare books. In many shops, bindery workers do much of
the work. They fasten sheets or signatures together using a
machine stapler and feed signatures into various machines for
stitching, folding, or gluing.

In addition to these specialized printing occupations, ad-
ministrative support workers, including clerical personnel,
marketing and sales workers, professional specialty occupa-
tions, and managers are also employed in significant numbers
in the printing and publishing industry. One occupation be-
coming more COMMoN is customer service representative, who
tracks the various processes of production and acts as liaison
between clients and technicians. The representative ensures
the customer’s satisfaction with the timely delivery of a high
quality product.

Establishments engaged in publishing newspapers, peri-
odicals, books, and other miscellaneous items employ the
greatest numbers of professional specialty occupations, par-
ticularly reporters, writers, editors, artists, and marketing and
sales occupations These positions usually require a college
education.

News analysts, reporters, and correspondents gather infor-
mation and prepare stories that inform us about local, State,
National, and international events. They collect and analyze
facts about events by interview, investigation, or observation
and write stories for newspapers and magazines. Writers de-
velop fiction and nonfiction for books, magazines, trade jour-
nals, and newspapers. Editors supervise writers and select,
plan, and prepare the contents of books, magazines, or news-
papers. Graphic artists use a variety of print and film media
to create and execute art that meets a client’s needs. They
increasingly use computers to lay out and test various designs,
patterns, and colors before printing a final design. Finally,
marketing and sales workers promote and sell a printer’s or
publisher’s product.

Training and Advancement
Workers enter the industry with various educational back-
grounds. In general, job applicants must be high school gradu-
ates with mathematical, verbal, and written communication
skills, and be computer literate.

Helpers generally have a high school or vocational school
background, and management trainees may have a college
background. Formal graphic arts programs, offered by com-
munity and junior colleges and some 4-year colleges, provide
an introduction to the industry. Training in desktop publish-
ing is particularly useful. Bachelor’s degree programs in
graphic arts prepare persons who may want to enter manage-
ment, and 2-year programs provide technical skills. A
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bachelor’s degree in journalism, communications, or English
provides a good background for those wishing to become re-
porters or writers. Experience on school newspapers and in-
ternships with news organizations are also beneficial.

As the industry continues to become more computerized,
most workers will need a working knowledge of computers.
Courses in electronics and computers are beneficial for any-
one entering the industry, and some employers will offer tu-
ition assistance or continuing education classes.

In the past, apprenticeships were quite common for spe-
cialized printing occupations. Now, workers are usually
trained informally on the job. Hand bookbinders are one ex-
ception. These workers usually need a 4-year apprenticeship
to learn the craft of restoring rare books and producing valu-
able collector items.

The length of on-the-job training needed to learn skills var-
ies by occupation, and shop. For example, press operators
begin as helpers and advance to press operators after years of
training. Bindery workers begin by doing simple tasks such
as moving paper from cutting machines to folding machines.
Workers learn how to operate more complicated machinery
within a few months. Training often is given under the close
supervision of an experienced or senior employee. Through
experience and training, workers may advance to more respon-
sible positions. Workers usually begin as helpers, advance to
skilled craft jobs, and may eventually be promoted to super-
visor. Reporters and writers may advance to editors or super-
vising reporters.

Opportunities for advancement depend on the specific plant
or shop. Technological changes will continue to introduce
new types of computerized equipment or dictate new work
procedures, and retraining will be essential to careers in print-
ing and publishing.

Earnings

In 1998, average weekly earnings for production workers in
the printing and publishing industry were $515, compared to
$563 for all production workers in manufacturing. As shown
intable 3, weekly wages in the printing and publishing indus-
try ranged from $414 in blankbooks and bookbinding, to $671
in printing trade services.

The principal union in this industry is the Graphic Com-
munications International Union. About 9.8 percent of em-
ployees are union members or are covered by a union con-
tract, compared to 15.4 percent of workers throughout the
economy, but this proportion varies greatly from city to city.

Outlook

Automation and shifting consumer demand are significantly
affecting the printing and publishing industry. Employment
is projected to decline 1 percent over the 1998 to 2008 period,
compared to the 15 percent growth projecied for the economy
as a whole. This decline reflects competition from nonprint
media, such as the Internet, and increasing use of nontradi-
tional printing technologies. Nonetheless, predictions that
computers will one day turn us into a paperless society have
not yet come true. The printing industry will continue to sup-
ply products for education, business, and leisure for a long
time to come. Although technological innovation and auto-
mation, mergers and acquisitions of small to medium-size
printing firms, and partnering services offered among print-
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ing firms will result in fewer jobs, certain sectors of the in-
dustry will experience growth.

Table 3. Median hourly earnings of the largest occupations in
printing and publishing, 1997

Printing and All

Occupation publishing  industries
General managers and top executives ... $30.19 $26.05
Sales representatives, except retail and

scientific and related products and

SOIVICES ...covvriirinrriniiineiiintieeesaeesesenes 17.38 16.54
Writers and editors ...........ccccceceeceecenennnnn. 15.07 15.69
Offset lithographic press setters and

set-up operators.............cceeeveeennnenenne 14.55 14.37
Sales agents, advertising .............cccceveuene 13.24 14.16
Printing press machine operators and

tenders ...t 12.56 12.09
Reporters and correspondents 10.94 11.23
Bindery machine operators and

teNders ... eeeeanes 9.69 9.02
Machine feeders and offbearers 8.80 8.69
Hand packers and packagers .................. 7.37 6.90

Employment in printing trade services is expected to decline
because more companies are preparing printing and post-press
in-house. Employment in newspapers is also expected to de-
cline as more people choose to receive their news from non-
print sources. Newspapers will also continue to face strong
competition for advertising dollars from direct-mail advertis-
ing, which targets specific types of consumers in a more cost-
effective manner. Many newspapers are responding by featur-
ing specialized products and services for niche markets.

Slow employment growth is expected in periodicals,
spurred by increasing interest in professional, scientific, and
technical journals, as well as special interest publications, such
as health and fitness magazines. Similarly, employment in
book publishing and greeting cards should also see slow
growth, spurred by an increasing and aging population.

Employment in miscellaneous publishing is expected to
grow slowly. The popularity of catalogs and mail order shop-
ping fuel this sector. However, increased paper costs, con-
sumer preferences, and the growth of on-line catalogs will
result in fewer jobs than in years past.

Employment growth will differ among the various occu-
pations in the printing and publishing industry, largely due to
technological advances. Processes currently performed manu-
ally will be automated in the future, causing a shift from craft
occupations to related occupations that perform the same func-
tion using electronic equipment. For example, employment
of desktop publishing specialists is expected to increase much
faster than average as the elements of print production, in-
cluding layout, design, and printing, are increasingly per-
formed electronically. In contrast, demand for workers who
perform these tasks manually, including paste-up workers,
photoengravers, camera operators, film strippers, and plate-
makers, is expected to decline.

With increasing use of computers that do typesetting and
composing electronically, the number of typesetting and
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composing machine operators will decline sharply. De-
clines among precision typesetters and compositors will
occur in the newspaper industry, because news analysts and
editors can perform these tasks themselves. Of other
prepress occupations, job printers, desktop publishers, and
other printing workers who perform a variety of printing
tasks, are expected to experience growth.

Employment of press operators is expected to decline.
Employment of offset press operators and letterpress opera-
tors should decrease rapidly. Employment of bookbinders will
decline in response to the growth of electronic printing; how-
ever, bindery machine operators will increase.

As the industry continues to modernize, a greater diversity
of workers will be needed, including engineers, marketing
specialists, graphic artists, and computer specialists. New
equipment will require workers to update their skills to re-
main competitive in the job market. For example, paste-up
workers will have to learn how to lay out pages using a com-
puter. The concepts and principles behind page layout and
design are the same, but the workers will have to learn how to
perform their work using different tools. Employment of
marketing and sales workers in the printing and publishing
industry is expected to experience little to no growth as a re-
sult of increased competition from nonprint media and ad-
vances in printing technologies.

Sources of Additional Information

Information on apprenticeships and other training oppor-
tunities may be obtained from local employers such as
newspapers and printing shops, local offices of the Graphic

Communications International Union, local affiliates of the
Printing Industries of America, or local offices of the State
employment service.

For general information on careers and training programs
in printing, contact:

» Education Council of the Graphic Arts Industry, 1899
Preston White Dr., Reston, VA 20191.
Internet: http://www.npes.org

» The Graphic Arts Technical Foundation, 200 Deer Run Rd.,
Sewickley, PA 15143.
Internet: http://www.gatf.org

»  Graphic Communications International Union, 1900 L St.
NW., Washington, DC 20036.
Internet: http://www.gciu.org

» National Association of Printers and thhographers, T5W.
Century Rd., Paramus, NJ 07652.
Internet: http://www.napl.org

» Printing Industries of America, Inc., 100 Dangerfield Rd.,
Alexandria, VA 22314.
Internet: http://www.printing.org

Information on most occupations in the printing and pub-
lishing industry, including the following, may be found in the
2000-01 Occupational Outlook Handbook:

Artists and commercial artists

Bindery workers

News analysts, reporters, and correspondents
Prepress workers

Printing press operators

Writers and editors, including technical writers



Steel Manufacturing

(SIC 331)

SIGNIFICANT POINTS

® Employment is expected to continue to decline.

® Much steel production has shifted to the electric arc furnace, changing many jobs and
enhancing opportunities for individuals with technical skills and training.

Nature of the Industry

Few industries in the United States have changed as rapidly
in recent years as the steel industry. As a result of new in-
vestment in equipment and worker training, this industry has
gone from a seemingly moribund one, to one that leads the
world in worker productivity and is the low cost producer
for some types of steel. The U.S. steel industry still faces
stiff competition, and employment is expected to continue
to decline; but it is now in a more promising position to meet
these challenges.

With new investments have come fundamental changes in
the nature of this industry. The most significant change in the
American steel industry is the development of the electric arc
furnace (EAF), sometimes called the “minimill,” which con-
verts scrap metal from many sources—such as bridges, re-
frigerators, and automobiles—to steel. The term “minimill”
originated from the relatively smaller size of these mills when
they first appeared, compared with traditional integrated mills.
Today, many EAF’s or minimills are actually larger than inte-
grated mills producing steel from raw materials. The smaller
capital outlay required to start and operate an EAF has helped
drive its growth. Moreover, scrap metal is found in all parts
of the country, so EAF’s are not tied as closely to raw material
deposits as integrated mills and can locate closer to consum-
ers. EAF’s now comprise almost half of American steel pro-
duction and their share is expected to continue to grow in com-
ing years.

The growth of EAF’s comes partly at the expense of inte-
grated mills. Integrated mills produce iron in blast furnaces,
from coal, iron ore, and limestone. The iron is then refined
into steel, most commonly in basic oxygen furnaces. The steel
produced by integrated mills generally is considered to be of
higher quality than steel from EAF’s, but because more steps
are involved in the production process, it also is more costly.
The initial step in the integrated mill process is to prepare
coal for use in a blast furnace by converting it to coke. Coal is
heated in coke ovens to remove impurities and to reduce it to
nearly pure carbon. Because coke production is considered to
be one of the dirtiest steps in production, many firms are look-
ing for substitutes for coke in steelmaking.

At the other end of the steel manufacturing process,
semifinished steel from either EAF’s or integrated mills is
converted into finished products. Some of the goods pro-
duced in finishing mills are steel wire, pipe, bars, rods, and
sheets. Products also may be coated with chemicals, paints,
or other metals that give the steel desired characteristics for
various industries and consumers. Also involved in steel
manufacturing are firms that produce alloys, by adding ma-
te:fals like silicon and manganese to the steel. Varying the
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amounts of carbon and other elements contained in the final
product can produce thousands of different types of steel,
each with specific properties suited for a particular use.

Increasing competition from abroad and in the domestic
market has caused integrated and EAF producers to modern-
ize. For workers, this often has meant learning new skills to
operate sophisticated equipment. Competition also has re-
sulted in increasing specialization of steel production, as vari-
ous producers attempt to capture different niches in the mar-
ket. With these changes has come a growing emphasis on
flexibility and adaptability for both workers and equipment.
As international and domestic competition mounts for U.S.
steel producers, the nature of the industry is expected to con-
tinue to change in these directions.

Working Conditions

Steel mills evoke images of strenuous, hot, and potentially
dangerous work. While many dangerous and difficult jobs
remain in the steel industry, modern equipment and facilities
have helped to change this. The most strenuous tasks were
among the first to be automated. For example, computer-con-
trolled machinery helps to monitor and move iron and steel
through the production processes, reducing the need for heavy
labor. In some cases, workers now monitor and control the
equipment from air-conditioned rooms.

Nevertheless, large machinery and molten metal can be
hazardous, unless safety procedures are observed. Hard hats,
safety shoes, protective glasses, ear plugs, and protective cloth-
ing are required in most production areas.

The expense of plant and machinery and significant pro-
duction startup costs force most mills to operate around the
clock. Workers averaged 44.6 hours per week in 1998, and
only about 1.7 percent of workers are employed part time.
Night and weekend shifts are common, as is overtime work
during peak production periods. In 1998, 33.7 percent of all
steel workers put in overtime.

Cases of occupational injury and illness in the industry were
12.0 per 100 full-time workers in 1997, significantiy higher
than the 7.1 cases per 100 workers for the entire private sector
and also higher than the 10.3 cases per 100 for all manufac-
turing. The highest injury rate in the steel industry—16.3—
was found in steel pipes and tubes.

Employment

Employment in the steel industry declined to about 232,000
wage and salary jobs in 1998, less than half its 1980 level.
The rate of decline, however, has slowed in recent years. The
steel industry traditionally has been located in the eastern and
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midwestern regions of the country, where iron ore, coal, or
one of the other natural resources required for steel are found.
Even today, about 50 percent of all steelworkers are employed
in Pennsylvania, Ohio, and Indiana. The growth of EAF’s,
though, has allowed steel-making to spread to virtually all parts
of the country. Large firms employ most workers in the steel
industry. Over 9 out of 10 work in establishments employing
at least 50 workers, and almost half work in establishments
employing 1,000 or more persons (chart 1).

Occupations in the Industry

Opportunities exist in a variety of occupations, but the major-
ity of workers—79 percent—are employed in operator, fabri-
cator, and laborer and precision production, craft, and repair
occupations (table 1). About 17 percent work in managerial,
professional, and administrative support occupations.

At an integrated steel mill, production begins when mate-
rial moving equipment operators load iron ore, coke, and lime-
stone into the top of a blast furnace. As the materials are heated,
a chemical reaction frees the iron from other elements in the
ore. Blowers direct the overall operation of the blast furnace.
Blowers are responsible for the quality and quantity of the
iron produced and for supervising keepers and their helpers.
Keepers operate the equipment used to tap the liquid iron and
to remove impurities from the furnace. The molten iron then
is ready to be transformed into steel.

Generally, either a basic oxygen or an electric arc furnace
is used to make steel. Although the steel making procedure
varies with the type of furnace used, the jobs associated with
the various processes are similar. Melters supervise furnace
operators and their assistants who control the furnace. Melters
gather information on the characteristics of the raw materials
they will use and the type and quality of steel they are ex-
pected to produce. They direct the loading of the furnace with
raw materials and supervise the taking of samples, to insure
that the steel has the desired qualities. Melters also coordi-
nate the loading and melting of raw materials with the steel
molding or casting operation to avoid delays in production.

Almost half of all steel workers are employed in
establishments with 1,000 or more workers
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Furnace operators use controls to tilt the furnace to re-
ceive the raw materials. Once they have righted the furnace,
furnace operators use levers and buttons to control the flow
of oxygen and other materials into the furnace. During the
production process, assistants routinely take samples to be
analyzed. Based on this analysis, operators determine how
much longer they must process the steel or what materials they
must add to meet specifications. Operators also pay close
attention to conditions within the furnace and correct any prob-
lems that arise during the production process.

Traditionally, liquid steel was moved from the furnaces into
a ladle from which it was poured into ingots. Steel producers
now use a process known as “‘continuous casting” almost ex-
clusively. Continuous casting allows firms to produce steel
ready for the next step in processing directly from liquid steel,
thus eliminating many of the steps involved in pouring and
rolling ingots. Molding and casting machine operators tend
machines that release the molten steel from the ladle into wa-
ter-cooled molds at a controlled rate. Molded steel is then cut
to desired lengths, as it emerges from the rolls. During this
process, operators monitor the flow of raw steel and the sup-
ply of water to the mold.

The “rolling” method shapes most steel processed in steel
mills. In this method, hot steel is squeezed between two cyl-
inders or “rollers,” which flatten or shape the steel. Heaters
monitor equipment that tells when the ingot is uniformly heated
to the required temperature. Rollers operate equipment that
rolls the steel ingots into semifinished product; the quality of
the product and the speed at which the ingot is rolled depend
on the roller’s skills. Manipulator operators tend the machin-
ery, which controls the position of the ingot on the roller. Plac-
ing the ingot and positioning the rollers are very important,
for they control the product’s final shape. Improperly adjusted
equipment may damage the rollers or gears.

Millwrights are employed to install and maintain much of
the sophisticated machinery in steel mills. As the technology
becomes more advanced, they work more closely with elec-
tricians, who help repair and install electrical equipment like
computer controls for machine tools.

With more sophisticated technology and demands for spe-
cialized products, scientists, engineers, and technicians have
a significant role in the steel industry. For example, engi-
neers test batches of steel before they are cast, to check for the
desired composition. They also may develop new specialized
metals as well as new equipment. As in other industries, there
also are many managerial and administrative support jobs.

Training and Advancement

As machinery becomes more complex, employers increasingly
prefer to hire college graduates for highly skilled operating
positions. For some production positions, vocational or com-
munity college training may be required.

Once production workers are hired, they receive training
on the job. New workers entering the production process as
lower-skilled laborers generally assist more experienced work-
ers, beginning with relatively simple tasks. As workers ac-
quire experience, they specialize in a particular process and
acquire greater skill in that area. They may progress from
second helper to first helper, and then to a skilled position,
such as melter or roller. The time required to become a skilled
worker depends upon individual abilities, acquired skills, and
available job openings. It generally takes at least 4 or 5 years,
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and sometimes much longer, to advance to a skilled position.
At times, workers change their specialization to increase their
opportunities for advancement. Especially in EAF’s, workers
are trained to perform a variety of tasks and provide more
flexibility to the firm, as company needs change.

Table 1. Employment of wage and salary workers in steel
manufacturing by occupation, 1998 and projected change,
1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ....................ccceeenn..... 232 100.0 -23.7
Operators, fabricators, and
faborers .............cvreeee 112 48.6 -21.2
Machine tool cutting and forming

setters, operators, and tenders,

metal and plastic ............cccceeueee.. 24 10.4 -13.8
Helpers, laborers, and material

movers, hand............cuccueuennn.... 18 7.8 -26.8
Other machine setters, operators,

and tenders...........cccoceeervereeeinennns 1 4.8 -20.8
Crane and tower operators ............... 10 4.3 -23.6
All other assemblers, fabricators,

and hand workers ......................... 9 4.0 -23.6
All other metal and plastic machine

setters, operators and related

WOTKEFS ......oouverereenrrnrrenereseesennenne 8 3.2 -23.6
Furnace operators and tenders......... 6 24 -16.0
Industrial truck and tractor

OPerators ...........c.ivceeeveveveveveeseennne 5 21 -23.6
Welders and cutters.................cuu....... 4 16 -31.3
Heat treating machine operators

and tenders..............ceeereernenen.... 3 15 -23.6
Metal fabricating machine operators ... 3 1.2 -20.9

Precision production, craft, and
PEPAIF .......cooiirerctectee ettt eae 70 30.0 -26.6
Blue collar worker supervisors .......... 16 7.0 -23.6
Industrial machinery mechanics........ 1 4.9 214
Inspectors, testers, and graders,

PreCISION ........coeeeerrrrreereerenesenans 6 27 -33.8
Electricians... 9 37 -23.6
Millwrights .......cccevevrneerieeeeeeeenes 5 21 -51.5
Maintenance repairers, general

UL ..o ene 3 1.5 -30.6
Machinists .........ccccoevvveeceererniieeneene 3 13 -23.6

Administrative support, Including
clerical ..o, 16 6.9 -30.4
Other clerical and administrative

support workers ....................u...... 15 -25.3
Shipping, receiving, and traffic

(o]1=Ty < TSSO 2 10 -29.8
Financial records processing

occupations ..........eeeeeeneenenenn.... 0.9 -36.6

Executive, administrative, and
managerlal ..............cooeevueevenvieeienne. 15 6.3 -24.9
Management support occupations ... 5 241 -24.9
Industrial production managers ........ 3 1.2 -25.8
General managers and top
eXeCUtIVES ........ccccocreereecenrenecnnnnnn, 2 1.0 -25.9
Professional specialty .......................... 9 3.7 -13.8
Engineers .............ccoeevevevvemrveneseeennnn 5 23 -19.2
Technicians and related support ........ 3 14 -29.0
Engineering and science
technicians and technologists....... 3 1.2 -27.9
Marketing and sales ............................. 4 1.9 -23.6
Service.......... e 3 1.2 -29.5
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Computers have become important, as companies have
modernized. Workers must learn to operate computers and
other advanced equipment. Although much of the specific
training is done on the job, employers prefer to hire appli-
cants who have completed formal classroom training in a tech-
nical school or college.

To work as an engineer, scientist, or in some other techni-
cal occupation in the steel industry, a college education is nec-
essary. Many workers in administrative and managerial oc-
cupations have degrees in business or possess a combination
of technical and business degrees. A master’s degree may give
an applicant an advantage in getting hired or help an employee
advance.

Earnings

_Earnings in the steel industry vary by occupation and experi-
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ence but are higher than average earnings in private industry.
Average weekly earnings of nonsupervisory production work-
ers in 1998 were $822 in the steel industry, compared to $563
in all manufacturing and $442 throughout private industry.
Weekly earnings in blast furnaces and steel mills, at $907,
were significantly higher than those in steel pipes and tubes,
at $626. Earnings in selected occupations in steel manufac-
turing appear in table 2.

Table 2. Median hourly earnings of the largest occupations In
steel manufacturing, 1997

Steel All

Occupation manufacturing industries

First line supervisors and managers/
supervisors-production and

operating workers ................ccoemnnne... $20.05 $16.62
EIECtricians .......c.c.coeveeeieereieeceree oo 17.42 16.54
Machinery maintenance mechanics ........ 17.16 14.72
Millwrights .......ccccoerienrneeercecee e, 15.88 16.99
Crane and tower operators ..................... 14.89 14.04
Furnace operators and tenders ............... 14.89 11.88
Rolling machine setters and set-up

operators, metal and plastic............... 14.35 12.52
Industrial truck and tractor operators ...... 13.73 10.99
Production inspectors, testers, graders,

sorters, samplers, and weighers ........ 12.60 10.15
Machine forming operators and tenders,

metal and plastic.............ccccveeuereeuennnen. 11.69 9.55

Union membership, geographic location, and plant size
affect earnings and benefits of workers. In some firms, earn-
ings or bonuses are linked to output. Workers receive stan-
dard benefits, including health insurance, paid vacation, and
pension plans.

The iron and steel industry traditionally has been highly
unionized. In 1998, 44.3 percent of steel workers were covered
by union contracts, compared with 16.8 percent in all of manu-
facturing and 15.4 perceni in all indusiries. In some instances,
companies are closed shops; that is, workers must belong to the
union, in order to work there. EAF’s, though, typically are non-
union. The overall decline of employment in traditional inte-
grated steel mills and the growth of EAF’s, together, have caused
union membership to decline in recent years.

Outlook

Employment in the steel industry is expected to decline by
about 24 percent over the 1998-2008 period. This decline can
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mostly be attributed to increased use of labor-saving technolo-
gies and machinery. Other factors affecting employment in
the industry include foreign trade, overall economic condi-
tions, the growth of EAF’s, and environmental regulations.
Despite the continuing decline in employment, qualified work-
ers still will be needed to replace workers who retire or leave
the industry. Opportunities will be best for individuals with
the technical skills and training to handle technologically ad-
vanced machinery.

Employment levels in coming years will be greatly affected
by the ability of steel makers located in the United States to
compete with imports from abroad. Worker productivity has
increased in U.S. firms in recent years, leaving the domestic
steel industry better able to compete with imports. Many
American steel producers, however, complain that they face
unfair competition from abroad and that foreign producers,
subsidized by their governments, are “dumping” steel in the
U.S. market. Efforts currently are underway to improve trade
relations in steel. If these efforts are successful, increasing
trade would almost certainly result, which would foster growth
in the most efficient American firms as they take advantages
of growing export opportunities. It also would hasten the de-
mise of inefficient plants trying to compete with low-priced
imports.

Employment in the steel industry varies with overall eco-
nomic conditions and the demand for goods produced with
steel. For example, as the automotive industry produces more
cars and light trucks, it will purchase more steel. In this way,
much of the demand for steel is derived from the demand for
other products. Other industries that are significant users of
steel include structural metal products, motor vehicle parts
and equipment, and household appliances. As many of these
goods require a large outlay, consumers are more likely to
purchase them in good economic times.

Steel companies, like most businesses, have entered the era
of sophisticated technology. Taking several forms, this tech-
nology has improved both product quality and worker produc-
tivity. Computers are essential to most technological advances
in steel production, from production scheduling and machine
control, to metallurgical analysis. Computerized systems change
the nature of many jobs, while they eliminate or reduce the de-
mand for others. For example, computers allow one worker to
perform duties that previously took the efforts of several work-
ers. However, computer-controlled equipment often requires
operators to have greater skills. Hence, workers who are com-
fortable with computers and other high-tech equipment—as well
as those willing and able to learn—will be more widely sought
after by employers. This automation will contribute to better
opportunities for engineers and other professional specialty
occupations, while causing significant declines for lower-skilled
machine operators and inspectors. :

Environmental issues also have affected the steel industry.
Past decades have seen technological changes spurred by en-
vironmental emission regulations. Emission standards, under
the present Clean Air Act, will likely result in costly modifi-
cations or shutdowns in many coal-processing facilities that
employ a dirty, heavily polluting process. Necessary furnace
modifications will require major investments and increase the
overall cost of production for coke-producing plants. These

~ modifications are, therefore, likely to raise costs in integrated

mills that use coke to produce steel.

The emergence of EAF’s is perhaps the most important fac-
tor in transforming the steel industry. This trend will con-
tinue in the foreseeable future, as EAF’s dominate the new
capacity expected to begin operation in the next few years.
Integrated mills are expected to maintain a major share of the
market in higher grade steel and are also entering areas like
residential construction; but EAF’s will continue to account
for a larger share of the international steel market. Growth of
EAF’s is driven by many factors, including relatively low

-startup costs, flexibility, and the ability to locate close to the

consumer. This is especially important in the construction
industry. Because the scrap steel they need to operate is widely
available, EAF’s have provided job opportunities in the steel
industry in additional geographic areas. However, since they
generally have higher worker productivity, as EAF’s capture
more of the domestic steel market, fewer workers will be
employed to meet the existing demand for steel products. -

Sources of Additional Information
For additional information about careers and training in the
steel industry, contact:

» American Iron and Steel Institute, 1101 17th St. NW., Suite
1300, Washington, DC 20036-4700.

» Steel Manufacturers Association, 1730 Rhode Island Ave.
NW., Suite 907, Washington, DC 20036-3101.

Information on the following occupations may be found in
the 2000-01 Occupational Outlook Handbook:

Blue-collar worker supervisors

Electricians

Engineers

Industrial machinery repairers

Inspectors, testers, and graders

Machinists and numerical tool and process control
programmers

Material moving equipment operators

Metalworking and plastics-working machine operators
Millwrights



Textile Mill Products

SIGNIFICANT

POINTS

(SIC 22)

About 3 out of 5 jobs are in three States—North Carolina, South Carolina, and Georgia.

Production-related workers account for over 4 out of 5 jobs.

Employment is expected to decline, due to technological advances and an open trading

environment.
® Average earnings are low.
Nature of the Industry

Textile mills make yarn and fabric for clothing and many other
items that keep us warm, safe, and in style. Although most
people associate textiles with cloth for apparel, the industry
also manufactures such products as carpeting, towels, cord
and twine, automotive upholstery, reinforcing materials, bul-
let-proof vests, and decorative braids and ribbons.

A textile mill takes natural and synthetic fibers, such as
cotton and polyester, and blends them to create yarn and fab-
ric used in the production of finished products like clothing
and upholstered furniture. A few products—sheets, towels,
and hosiery, for example—are ready for the retail market when
they leave the textile mill. Although a large share of textile
products are used in the production of apparel, nontraditional
uses, such as in highway construction and fire resistant hous-
ing panels, are growing rapidly.

Textile mills are classified by the type of product or pro-
cess. The major processes of textile production include yarn
spinning, weaving, knitting, and tufting. Some textiles are
“nonwoven” and are produced by fusing fibers with heat or
bonding fibers by using a type of glue. Two or more of these
processes often can be found in the same facility. For ex-
ample, one mill may spin yarn and also weave it into fabric.

Yarn and thread mills employ about 15 percent of all work-
ers in the industry. Yarns are strands of fibers in a form ready
for weaving, knitting, or otherwise intertwining to form a tex-
tile fabric. They form the basis for most textile production
and are commonly made of cotton, wool, or synthetic fiber.
Yarns also can be made of thin strips of plastic, paper, or metal.
To produce spun yarn, natural fibers, such as cotton and wool,
must first be processed to remove impurities and give prod-
ucts the desired texture and durability, as well as other char-
acteristics. After this initial cleaning stage, the fibers are spun
into yarn.

Weaving mills employ about 28 percent of all persons work-
ing in the textile industry. Workers in these mills use looms to
transform yarns into cloth, a process that has been known for
centuries. Looms weave or interlace two yarns, so they cross
each other at right angles to form fabric. Although modern
looms are complex, automated machinery, the principle re-
mains the same as in ancient times.

Knitting is another method of transforming yarn into fab-
ric. Knitting interlocks a series of loops of one or more
yarns to form familiar goods, such as sweaters. However,
nndfke the knitting done with hand-held needles, knitting
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in the textile industry is performed on automated machines.
Many consumer items, such as socks, panty-hose, and un-
derwear, are produced from knitted fabric. Knitting mills
account for 29 percent of employment in the industry.

Tufting, used by carpeting and rug mills, is a process by
which a cluster of soft yarns is drawn through a backing fab-
ric. These yarns project from the backing’s surface in the form
of cut yarns or loops to form the familiar texture of many
carpets and rugs. Tufting mills employ about 9 percent of
textile workers.

Finally, nonwoven textile products are produced by fusing
fibers or bonding fibers with a cementing medium or heat. A
familiar example of a nonwoven fabric is felt. This segment
of the industry is one of the fastest growing, because of its
medical and sanitary uses.

Regardless of the process used, mills in the textile industry
are rapidly modernizing, as new investments in automation
and information technology have been made necessary by
growing domestic and international competition. Firms also
have responded to competition by developing new products
and services. These innovations have had a wide effect across
the industry. For example, advanced machinery is boosting
productivity levels in textiles, costing some workers their jobs,
while fundamentally changing the nature of work for others.
New technology also has led to broad and increasingly tech-
nical training for workers throughout the industry.

The emphasis in the industry continues to shift from mass
production to flexible manufacturing, as textile mills aim to
supply customized markets. Firms are concentrating on sys-
tems that allow small quantities to be produced with mini-
mum lead time. This flexibility brings consumer goods to
retailers significantly faster than before. Information tech-
nology allows the retail industry to rapidly assess its needs
and communicate them back through the apparel manufac-
turer to textile firms.

Working Conditions
Working conditions vary greatly. Production workers, includ-
ing front-line managers and supervisors, spend most of their
shift on or near the production floor. Some factories are noisy
and can have airborne fibers and odors; but most textile fa-
cilities are relatively clean, well lit, and ventilated.

In 1997, work-related injury and illnesses in the textile mill
products industry averaged 6.7 per 100 full-time workers, com-
pared to 10.3 percent for all manufacturing and 7.1 percent
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for the entire private sector. This record has been achieved, in
part, by requiring, when appropriate, the use of protective face
masks, earplugs, and protective clothing. Also, new machin-
ery is designed with additional protection, such as noise shields.
Still, many workers in production occupations are required to
stand for long periods of time while bending over machinery,
and noise and dust still is a problem in some plants.

Most mills operate around the clock, 7 days a week, so some
production workers have weekend and evening schedules. Pro-
duction workers averaged 41.0 hours per week in 1998, com-
pared to an average of 34.6 hours per week for all production
workers in the private sector. Overtime is common for these
workers during periods of peak production. Managerial, ad-
ministrative, and administrative support occupations typically
work a 5-day, 40-hour week in an office setting, although some
of these employees can work significant overtime.

Employment
Most of the 598,000 wage and salary workers employed in tex-
tile mills in 1998 were found in southeastern States. North
Carolina accounted for about 30 percent of textile jobs. South
Carolina and Georgia combined to provide employment for
another 30 percent of the workers in this industry. The remain-
ing jobs were found in the South, California, and the Northeast.
Most textile production is concentrated in large mills. In
fact, establishments employing over 250 persons accounted
for almost 60 percent of all textile workers in 1997 (chart).

Occupations in the Industry
The textile industry offers employment opportunities in a wide
variety of occupations, but precision production, craft, and
repair occupations, coupled with operators, fabricators, and
laborers, accounted for over 80 percent of all jobs. Some of
these occupations are unique to the industry (see table 1).
Additional opportunities exist in general management, engi-
neering, and clerical occupations.

Many workers enter the textile industry as machine set-
ters and operators, the largest occupational group in the

.
Nearly 60 percent of jobs In textile mills are in
establishments that employ 250 or more workers
Percent
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industry. They are responsible for setting each machine
and monitoring its operation. Usually, operators work with
one type of less complex machine, but they can advance to
jobs operating more sophisticated machinery or several ma-
chines simultaneously. For example, experienced opera-
tors may work with machinery that processes raw cotton,
spins fibers into thread, or weaves fabric. Additionally,
they must diagnose problems when the machinery stops and -
restart it as soon as possible, to reduce costly machine idle
time. Traditionally, operators tended a small number of
machines; however, as production processes have become
more automated, the number of machines each operator
monitors has increased.

Production occupations that require extensive training or
apprenticeships include those that install and repair machin-
ery. Industrial machinery mechanics comprise about 5 per-
cent of employment in the textile industry. Skilled produc-
tion occupations also include inspectors, testers, and graders,
who use precision measuring instruments and complex test-
ing equipment to detect product defects, wear, or deviations
from specifications.

Engineers and engineering technicians, a vital part of the
textile industry, comprise less than 1 percent. Some engineers
are textile engineers, who specialize in the design of textile
machinery, the study of fibers, and textile production. The
industry also employs other types of engineers, particularly
industrial and mechanical engineers.

Training and Advancement

As the textile industry becomes increasingly automated, pro-
duction workers need to be prepared. A high school diploma
may be necessary for many entry-level positions, and exten-
sive postsecondary training is required for more technical jobs.
This training may be obtained at technical schools and com-
munity colleges. More and more often, job applicants are
screened through the use of tests, to ensure that they have the
necessary skills.

Extensive on-the-job training has become an integral part
of working in today’s textile mills. This training may be pro-
vided by experienced workers at the firm or by outside con-
tractors and vendors. Technical training is designed to help
workers understand complex, automated machinery, recog-
nize problems, and restart machinery, when the problem is
solved. Precision production workers, such as industrial ma-
chinery mechanics, also require extensive training, often
through a combination of classroom and apprenticeship pro-
grams. Training may help experienced workers advance to
supervisory positions.

Increasingly, training is being offered to enable people to
work well in a team-oriented environment. Many firms have
established training centers or hosted seminars that encour-
age employee self-directibn and responsibility and the devel-
opment of interpersonal skills. The emphasis on teamwork,
combined with few levels of management in modem textile
mills, have placed a premium on workers who show initiative
and communicate effectively.

Engineering applicants generally need a bachelor s or ad-
vanced degree in a field of engineering or production man-
agement. Degrees in mechanical or industrial engineering are
common, but concentrations in textile-specific areas of engi-
neering are especially useful. Many applicants, for example,
take cl@gs in textile engineering, textile technology, textile
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materials, and design. These specialized programs usually
are found in engineering and design schools in the South
and Northeast. As in other industries, a technical degree with
an advanced degree in business can lead to opportunities in
management.

Table 1. Employment of wage and salary workers in textile mill
products by occupation, 1998 and projected change, 1998-2008

(Employment in thousands)

1998 1998-2008
Employment Percent
Occupation Number Percent change
All occupations ....................ccunn.... 598 100.0 -16.2
Operators, fabricators, and iaborers... 390 65.2 -19.5
Textile draw-out and winding machine
operators and tenders.................. 1565 26.0 -28.8
Helpers, laborers, and materia!
movers, hand ............cccceeeererrennenes 57 9.6 -13.9
Sewing machine operators,
garment...........ccoeeeeeeveceereerennrennnne 37 6.1 -30.3
Other machine setters, setup operators,
operators, and tenders................. 35 5.8 -8.8
Textile machine setters and setup
OPBrators .........ccceeeeeveeeereereeceensonne 24 3.9 -10.2
Textile bleaching and dyeing
machine operators and tenders... 22 3.6 -8.7
Hand workers, including assemblers
and fabricators.........ccceevvnerernenee 17 28 -11.6
Sewing machine operators,
non-garment ...........ccccceveereeceennene 1 1.8 -6.0
Extruding and forming machine
operators and tenders, synthetic
or glass fibers ..........cccoreeeenennns 10 17 55
Industrial truck and tractor
OPBrators ........ceeimevisnieseennenns 8 1.3 -8.7
Printing, binding, and related
WOTKBI'S .....ccoveeneeeeenenneeneninnecnenne 6 1.0 -154
Precision production, craft, and
PEPAIF .......coovrvereirirtiiictentenreereeresaeenene 110 18.4 -6.7
Industrial machinery mechanics......... 32 53 10.8
Blue-collar worker supervisors .......... 25 4.2 -9.7
Inspectors, testers, and graders,
PreciSion ..........coceevreveerenneervervenens 25 4.2 -23.8
Textile, apparel, and furnishings
workers, precision ...........c..ceeuene. 1 1.8 2.1
Maintenance repairers, general
UL o 6 1.0 214
Administrative support, including
clerical ..........coooeeevivrcerereennes 44 7.3 -17.2
Shipping, receiving,
and traffic clerks.............cccu.......... 8 14 -15.4
Financial records processing
oCcCUPALioONS ......c.coeeueieiiienecenenn, 6 1.0 -26.0
Executive, administrative, and
managerial................coceoeverrniineenenn. 26 4.4 -12.2
General managers and top
OXBCULIVES ....coueeviieee et 7 1.2 -13.2
Industrial production managers ........ 8 1.0 -11.7
Professional specialty .......................... 8 14 0.6
Marketing and sales ............................. 7 1.2 -7.8
Service ... 8 1.3 -19.6
All other occupations .......................... 5 0.8 -15.4

Earnings
Textile production workers’ weekly average earnings were
$t126 in 1998, compared to $563 for production workers in all
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manufacturing and $442 for production workers throughout
private industry. Wages within the textile industry depend upon
skill level and type of mill. At $498, weekly earnings in mis-
cellaneous textile goods were the highest in the industry,
whereas workers in knitting mills earned an average of $378
per week, the lowest in the industry. In addition to typical
benefits, employees often are eligible for discounts in factory
merchandise stores. Earnings in largest occupations in textile
mill products appear in table 2.

Table 2. Median hourly earnings of the largest occupations In
textile mill products, 1997

Textile mill All

Occupation products  industries
First-line supervisors and managers/

supervisors-production and operating

WOTKEFS .....cvivinrniriineiseiesernnrnnsesesnenns $14.96 $16.62
Machinery maintenance mechanics,

textile machings ...........ccceveeeererenennene 11.49 11.49
Textile machine setters and set-up

OPOrators ..........cceeeeveisirueceeereeseeeeenees 10.16 10.13
Textile bleaching and dyeing machine

operators and tenders .............cceeueeen. 9.14 9.00
Textile machine operators and tenders,

winding, twisting, knitting, weaving,

and cutting ..........cccoeeeevveeeeeeeecne, 9.08 9.03
Production inspectors, testers, graders,

sorters, samplers, and weighers ........ : 8.92 10.15
Machine feeders and offbearers.............. 8.65 8.69
Sewing machine operators,

noNGarmeNt ...........cocceeerverueereerennrenanns 8.33 7.9
Hand packers and packagers .................. 7.68 6.90
Sewing machine operators, garment ...... 7.31 6.92

The industry has a low unionization rate; only 5.7 percent
of textile workers were union members or were covered by a
union contract in 1998, compared with 15.4 percent for the
economy as a whole. The most prominent union in the in-
dustry is the Union of Needletrades, Industrial and Textile
Employees (UNITE), which was formed in 1995 by the
merger of the Amalgamated Clothing and Textile Workers
Union and the International Ladies’ Garment Workers Union.

Outlook

Jobs in the textile mill products industry are expected to de-
cline by about 16 percent through 2008, whereas employment
in the U.S. economy as a whole is projected to grow 15 per-
cent. Employment declines will result from increasing worker
productivity trade, and the decline of the textiie
industry’s primary buyer—the American apparel industry.
Nevertheless, a number of job openings will arise, as experi-
enced workers transfer to other industries, retire, or leave the
workforce for other reasons. Most of these openings will be-
come available in production-related occupations, the largest
group in the industry.

The most important influence on employment in the in-
dustry will continue to be new technologies, such as open-end
spinning and new air-jet looms that raise worker productivity.
In addition, the application of computers to various processes
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in textile production will allow workers to increase produc-
tivity and expand the textile industry’s competitiveness. These
technologies will be implemented at a growing rate in coming
years, as textile mills merge to consolidate capital and make
their operations as efficient as possible. As this happens, de-
mand for many of the low-skilled machine operators and ma-
terial handlers will continue to decline.

Jobs also will be affected by the relatively open trad-
ing environment, resulting from ratification of the North
American Free Trade Agreement and the Agreement on
Textiles and Clothing of the World Trade Organization.
These agreements will open additional markets to textiles
made in the United States, but they will also expose U.S.
textile producers to increasing competition from abroad.
Some segments of the textile industry, like industrial fab-
rics, carpets, and specialty yarns, are highly automated,
innovative, and competitive on a global scale, so they will
be able to expand exports, as a result of more open trade.
Other sectors, such as fabric for apparel, will be nega-
tively impacted, as a number of textile and apparel manu-
facturers relocate production to other countries. On bal-
ance, textile mills are likely to lose employment, as a re-
sult of this open trade, because of its effect on the Ameri-
can apparel industry. The expected increase in apparel
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imports and the decline in apparel production will ad-
versely affect demand for domestically-produced textiles.

Sources of Additional Information

For additional information concerning career opportunities,
technological advances, and legislation in the textile industry,
contact:

» American Textile Manufacturers Institute, 1130 Connecticut
Ave. NW., Suite 1200, Washington, DC 20036-3954.
Internet: http://www.atmi.org

» Institute of Textile Technology, 2551 Ivy Rd,,
Charlottesville, NC 22903-4614.

Internet: http://www.itt.edu

Information on the following occupations employed in the
textile industry can be found in the 2000-01 Occupational Out-
look Handbook:

Apparel workers

Industrial machinery repairers
Inspectors, testers, and graders
Machinists

Material moving equipment operators
Textile machinery operators
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Air Transportation

SIGNIFICANT POINTS :

(SIC 45)

® Although flight crews—pilots and flight attendants—are the most visible occupations in this
industry, over three-fourths of all employees work in ground occupations.

® Senior pilots for major airlines are among the highest paid workers in the Nation.

® Except for pilots, most workers in this industry are trained to do their jobs after they are hired.

® A significant number of workers are unionized.

Nature of the Industry

The rapid development of air transportation has increased
the mobility of the population and created thousands of job
opportunities. The air transportation industry involves many
activities. Most familiar are the major airlines, which pro-
vide transportation for passengers and cargo, and airports,
which provide the many ground support services required
by aircraft, passengers, and cargo. Air taxi companies and
commuter airlines also provide commercial transportation,
such as passenger and cargo service, often to and from small
airports not serviced by the airlines. Other companies pro-
vide air courier services—which furnish air delivery for in-
dividually addressed letters, parcels, and packages—and
helicopter and sightseeing airplane services for tourists. This
industry also includes services related to air transportation,
such as aircraft repair, cleaning, and storage.

The air transportation industry has been through a period
of adjustment and turmoil since the start of Federal deregula-
tion in the late 1970s. Nonetheless, most of the 1980s was a
prosperous period for the industry, marked by high earnings
and rapid job growth as new carriers entered the industry. The
reduction in air travel that accompanied the recession of the
early 1990s exposed many companies to problems of overca-
pacity and high labor costs. Intense competition—including
destructive fare cutting—created a great deal of instability,
causing many airlines to go out of business and many persons
to lose their jobs.

The air transportation industry has recovered from the se-
vere financial losses it suffered during the early 1990s. Smaller
regional and commuter airlines, which have lower costs than
larger airlines, have emerged in recent years to primarily serve
shorter routes. Major airlines are regaining profitability and
hope to achieve long-term stability by reducing capacity and
distribution and marketing costs, using their aircraft and crews
more efficiently, and reducing their labor costs through nego-
t